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BACKGROUND  OF  THE  INVENTION 

F i e l d   of  t h e   I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  i m p r o v e m e n t s   of   a  

l e n s   m e t e r   w h i c h   is   c a p a b l e   of   r e a d i l y   m e a s u r i n g   t h e  

r e f r a c t i o n   c h a r a c t e r i s t i c s   of  the   p r o g r e s s i v e   m u l t i f o c a l   l e n s  

by  means   of  t h e   l e n s   m e t e r .  

R e c e n t l y ,   t h e r e   has   been   a  g r o w i n g   demand   f o r  

p r o g r e s s i v e   m u l t i f o c a l   l e n s e s   h a v i n g   no  b o u n d a r y   w h i c h   a r e  

u s e d   f o r   c o r r e c t i o n   of   t h e   e a r l y - s t a g e   p r e b y o p i a   of  t h e   m i d d l e  

a g e d   and  t h e   e l d e r l y .   S i n c e   t h i s   p r o g r e s s i v e   m u l t i f o c a l   l e n s  

is   c o n s t r u c t e d   s u c h   t h a t   a  p o r t i o n   f o r   t h e   f a r   d i s t a n c e ,   a  

p o r t i o n   fo r   t h e   n e a r   d i s t a n c e ,   and  a  p r o g r e s s i v e   b e l t   p o r t i o n  

c o n n e c t i n g   t h e   two  p o r t i o n s   a r e   f o r m e d   c o n t i n u o u s l y   on  a  

n o n s p h e r i c a l   s u r f a c e ,   i t   is  i m p o s s i b l e   to  i d e n t i f y   a  f a r -  

d i s t a n c e   r e f r a c t i o n   c h a r a c t e r i s t i c s   m e a s u r i n g   p o r t i o n   and  a  

s h o r t - d i s t a n c e   r e f r a c t i o n   c h a r a c t e r i s t i c s   m e a s u r i n g   p o r t i o n   b y  

o b s e r v i n g   i t s   a p p e a r a n c e   o n l y ,   as  w i t h   a  c o n v e n t i o n a l   b o f o c a l  

l e n s .   The  t e r m   " r e f r a c t i o n   c h a r a c t e r i s t i c s "   r e f e r r e d   to  h e r e  

is  e m p l o y e d   as  a  g e n e r a l   t e r m   m e a n i n g   t h e   d e g r e e   of   s p h e r i c a l  

s u r f a c e ,   t h e  d e g r e e   of   c y l i n d e r ,   t he   a n g l e   o f   c y l i n d r i c a l  

a x i s ,   and  t h e   d e g r e e   o f   p r i s m .   For   t h i s   r e a s o n ,   to  f a c i l i t a t e  



m e a s u r e m e n t   o f   r e f r a c t i o n   c h a r a c t e r i s t i c s   and  w o r k i n g   o f  

l e n s e s   a t   t h e   t i m e   o f   f i t t i n g   l e n s e s   in  e y e g l a s s   f r a m e s   a t  

e y e g l a s s e s   s t o r e s ,   l e n s   m a n u f a c t u r e r s   p r o v i d e   v a r i o u s   m a r k s ,   a  

shown  in  F i g .   1,  on  u n c u t   l e n s e s   b e f o r e   b e i n g   f i t t e d   in  t h e  

e y e g l a s s   f r a m e s ,   w h i c h   a r e   s u p p l i e d   to  e y e g l a s s e s   s t o r e s .  

F i g .   1  shows   one   e x a m p l e   o f   s u c h   m a r k s ,   in  w h i c h   r e f e r e n c e  

n u m e r a l   10  d e n o t e s   a  h o r i z o n t a l   r e f e r e n c e   l i n e ;   11,  a  d i a m o n d  

m a r k ;   15 ,   a  mark   i n d i c a t i n g   t h e   g e o m e t r i c a l   c e n t e r   and  o p t i c a l  

c e n t e r ;   12 ,   a  f i t t i n g   p o i n t ;   13 ,   a  mark  i n d i c a t i n g   a  f a r -  

d i s t a n c e   r e f r a c t i o n   c h a r a c t e r i s t i s - m e a s u r i n g   p o r t i o n ;   16 ,   a  

ma rk   i n d i c a t i n g   n e a r - d i s t a n c e   r e f r a c t i o n   c h a r a c t e r i s t i c s ;   1 4 ,  

a  mark   i n d i c a t i n g   t h e   d e g r e e   o f   t h e   n e a r   d i s t a n c e ;   and  17,   a  

m a n u f a c t u r e r ' s   m a r k .   At  t h e   t i m e   of  m e a s u r i n g   t h e   f a r -  

d i s t a n c e   r e f r a c t i o n   c h a r a c t e r i s t i c s   o f   t h i s   l e n s ,   t h e   l e n s   i s  

s e t   in  s u c h   a  m a n n e r   t h a t   t h e   m e a s u r e m e n t   o p t i c a l   a x i s   o f   t h e  

l e n s   m e t e r   i s   l o c a t e d   in  t h e   c i r c l e   of  t h e   mark  13,   and  t h e  

m a r k   13  w i l l   c o i n c i d e   w i t h   t h e   c e n t e r   of   t h e   l e n s   h o l d e r   o f  

t h e   l e n s   m e t e r .   On  t h e   o t h e r   h a n d ,   a t   t h e   t i m e   of   m e a s u r i n g  

t h e   n e a r - d i s t a n c e   r e f r a c t i o n   c h a r a c t e r i s t i c s ,   t h e   l e n s   is   s e t  

in  s u c h   a  m a n n e r   t h a t   t h e   c i r c l e   o f   t h e   mark  16  c o i n c i d e s   w i t h  

t h e   l e n s   h o l d e r .   In  a d d i t i o n ,   i f   is  d e s i r o u s   to  know  t h e  

r e f r a c t i o n   c h a r a c t e r i s t i c s   a t   a  f i t t i n g   p o i n t ,   as  n e c e s s a r y ,  

t h e   l e n s   i s   s e t   in  s u c h   a  m a n n e r   t h a t   a  p o i n t   of   i n t e r s e c t i o n  

12a   of   t h e   mark   12  c o i n c i d e s   w i t h   t h e   c e n t e r   of   t h e   l e n s  

h o l d e r .  

A  c o n v e n t i o n a l   l e n s   m e t e r   f o r   p r o g r e s s i v e   m u l t i f o c a l  

l e n s e s   h a v i n g   t h e   a f o r e m e n t i o n e d   a r r a n g e m e n t   has   had  t h e  



f o l l o w i n g   d r a w b a c k s   and  i n c o n v e n i e n c e s   a t   t h e   t i m e   o f  

m e a s u r i n g   t h e i r   r e f r a c t i o n   c h a r a c t e r i s t i c s .  

(1)  In  a  l e n s   a f t e r   i t s   p e r i p h e r y   is  g r o u n d   and  f i t t e d   i n  

the   l e n s   f r a m e ,   of  t h e   v a r i o u s   m a r k s   d e s c r i b e d   w i t h   r e f e r e n c e  

to  F i g .   1,  a l l   t h e   m a r k s ,   e x c l u d i n g   t he   d i a m o n d   mark  11,  t h e  

mark  of   a d d i t i o n a l   d e g r e e   of  t h e   n e a r   d i s t a n c e   14,  and  t h e  

m a n u f a c t u r e r ' s   mark  17,   a r e   e r a s e d .   As  a  r e s u l t ,   when  a n  

a t t e m p t   is  made  to  m e a s u r e   t he   r e f r a c t i o n   c h a r a c t e r i s t i c s   o f  

t h e   l e n s   f i t t e d   in  i t s   f r a m e   a g a i n   l a t e r ,   i t   is  u t t e r l y  

i m p o s s i b l e   to  d i s c e r n   f rom  i t s   a p p e a r a n c e   a l o n e   a t   w h a t  

p o s i t i o n s   t he   f a r - d i s t a n c e   or  n e a r - d i s t a n c e   r e f r a c t i o n  

c h a r a c t e r i s t i c s   s h o u l d   be  m e a s u r e d .   In  c o n s e q u e n c e ,   i t   i s  

n e c e s s a r y   to  f i n d   s p e c i f i e d   m e a s u r i n g   p o s i t i o n s   w h i l e  v i e w i n g  

t h r o u g h   t h e   l e n s   m e t e r   on  a  t r i a l - a n d - e r r o r   b a s i s .  

(2)  As  a  m e a s u r e   a g a i n s t   t h e   p r o b l e m   d e s c r i b e d   in  ( 1 )  

a b o v e ,   l e n s   m a n u f a c t u r e r s   e m p l o y   c h e c k   c a r d s .   S p e c i f i c a l l y ,   a  

m e t h o d   is   a d o p t e d   w h e r e b y   a  c a r d   i l l u s t r a t i n g   v a r i o u s   m a r k s  

shown  in  F i g .   1  is   p r e p a r e d ,   a n d ,   by  m a t c h i n g   t h e   d i a m o n d   m a r k  

on  t h e   c h e c k   c a r d   w i t h   t h e   d i a m o n d   mark  11  l e f t   on  t h e   l e n s  

f i t t e d   in  t he   f r a m e ,   r e l e v a n t   m a r k s   a r e   w r i t t e n   on  t h e   m a r k  

w i t h   a  m a r k e r   pen  or  t he   l i k e   w i t h   r e f e r e n c e   to  t h e   m a r k  

i n d i c a t i n g   a  f a r -   or  n e a r - d i s t a n c e   r e f r a c t i o n   c h a r a c t e r i s t i c s  

m e a s u r i n g   p o r t i o n   p r o v i d e d   on  t h e   c h e c k   c a r d ,   and  m e a s u r e m e n t  

is   e f f e c t e d .  

H o w e v e r ,   t h e s e   c h e c k   c a r d s   a r e   n o t   n e c e s s a r i l y   s t o r e d  

in  e v e r y   e y e g l a s s   s t o r e ,   and  t he   work  p e r   se  h a s   b e e n   v e r y  

c o m p l i c a t e d .  



(3)  F u r t h e r m o r e ,   to  know  t h e   name  of   t h e   m a n u f a c t u r e r   o f  

t h e   f r a m e d   l e n s ,   t h e   m a n u f a c t u r e r ' s   mark   17  may  be  c h e c k e d .  

In  a d d i t i o n ,   to   p o s i t i o n   . t h e   l e n s   w i t h   t h e   c h e c k   c a r d ,   t h e  

d i a m o n d   mark   11  may  be  c h e c k e d ,   and  i f   i t   i s   d e s i r o u s   to   k n o w  

t h e   a d d i t i o n a l   d e g r e e   of   t h e   n e a r   d i s t a n c e   a l o n e ,   t h e  

i n d i c a t o r   mark   14  may  be  s e a r c h e d   on  t h e   l e n s ,   r e s p e c t i v e l y .  

H o w e v e r ,   s i n c e   t h e s e   m a r k s   a r e   v e r y   s m a l l   and  a r e   i n d i c a t e d  

v a g u e l y ,   t h e   r e t r i e v a l   p e r   se  i s   e x t r e m e l y   d i f f i c u l t   in  t h e  

p r e s e n t   s i t u a t i o n .  

DESCRIPTION  OF  THE  INVENTION 

O b j e c t s   o f   t h e   I n v e n t i o n  

I t   i s   an  o b j e c t   o f   t h e   p r e s e n t   i n v e n t i o n   to  p r o v i d e   a n  

e x t r e m e l y   s i m p l e   m e t h o d   o f   m e a s u r i n g   t h e   r e f r a c t i o n  

c h a r a c t e r i s t i c s   o f   a  p r e s e n t l y   c o m m e r c i a l l y   a v a i l a b l e  

p r o g r e s s i v e   m u l t i f o c a l   l e n s   by  t h e   u s e   o f   a  c o n v e n t i o n a l   l e n s  

m e t e r .  

A n o t h e r   o b j e c t  o f   t h e   p r e s e n t   i n v e n t i o n   i s   to  p r o v i d e  

a  n o v e l   u s e f u l   l e n s   m e t e r   h a v i n g   a  means   o f   s e t t i n g   t h e   a m o u n t  

of   m o v e m e n t   o f   t h e   l e n s   w h i c h   i s   c a p a b l e   o f   s i m p l y   p o s i t i o n i n g  

a  f a r -  o r   n e a r - d i s t a n c e   r e f r a c t i o n   c h a r a c t e r i s t i c s - m e a s u r i n g  

p o r t i o n   o f   a  p r o g r e s s i v e   m u l t i f o c a l   l e n s .  

SUMMARY  OF  THE  INVENTION 

A c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n ,   t h e   a b o v e   a n d  

o t h e r   o b j e c t s   c a n   be  a c c o m p l i s h e d   by  a  m e t h o d   to  f i r s t   f i n d  

t h e   o p t i c a l   c e n t e r   of   a  l e n s   to  be  e x a m i n e d   f rom  m e a s u r e m e n t  



e m p l o y i n g   a  l e n s   m e t e r ,   and  u s i n g   t h e   o p t i c a l   c e n t e r   as  a  

p o i n t   of   o r i g i n ,   t he   l e n s   to  be  e x a m i n e d   is  moved  by  a  

d i s t a n c e   up  to  t h e   f a r - d i s t a n c e   r e f r a c t i o n   c h a r a c t e r i s t i c s  

m e a s u r i n g   p o r t i o n   and  t he   n e a r - d i s t a n c e   r e f r a c t i o n  

c h a r a c t e r i s t i c s   m e a s u r i n g   p o r t i o n   of  t h e   l e n s   m e n t i o n e d   by  t h e  

l e n s   m a n u f a c t u r e r ,   so  as  to  e f f e c t   a l i g n m e n t   w i t h   t h e  

m e a s u r e m e n t   o p t i c a l   a x i s   of  t he   l e n s   m e t e r ,   t h e r e b y   m e a s u r i n g  

t he   r e f r a c t i o n   c h a r a c t e r i s t i c s   of   e a c h   m e a s u r i n g   p o r t i o n .  

A c c o r d i n g   to  a n o t h e r   a s p e c t   of   t h e   p r e s e n t   i n v e n t i o n ,  

t he   a b o v e   and  o t h e r   o b j e c t s   can   a l s o   be  a c c o m p l i s h e d   by  a  

m e t h o d   fo r   m e a s u r e m e n t   of  a  p r o g r e s s i v e   m u l t i f o c a l   l e n s  

p r o v i d e d   w i t h   p r i s m   t h i n n i n g   w o r k .   F i r s t ,   a  p o s i t i o n   a t   w h i c h  

the   d e g r e e   o f   s p h e r i c a l   s u r f a c e   and  t h e   d e g r e e   o f  c y l i n d e r  

become   min imum  is  s o u g h t   w h i l e   m e a s u r i n g   t h e   f a r - d i s t a n c e  

r e f r a c t i o n   c h a r a c t e r i s t i c s ,   and  t h a t   p o s i t i o n   is   s e t   as  a  f a r -  

d i s t a n c e   r e f r a c t i o n   c h a r a c t e r i s t i c s   m e a s u r i n g   p o r t i o n .   U s i n g  

t h a t   m e a s u r i n g   p o r t i o n   as  a  p o i n t   of   o r i g i n ,   t h e   l e n s   to  b e  

e x a m i n e d   is  moved  by  a  d i s t a n c e   of  t he   f a r - d i s t a n c e   r e f r a c t i o n  

c h a r a c t e r i s t i c s   m e a s u r i n g   p o r t i o n   up  to  t h e   n e a r - d i s t a n c e  

r e f r a c t i o n   c h a r a c t e r i s t i c s   m e a s u r i n g   p o r t i o n   a n n o u n c e d   by  t h e  

m a n u f a c t u r e r .   T h e n ,   t h e   n e a r - d i s t a n c e   m e a s u r i n g   p o r t i o n   i s  

l o c a t e d   on  t h e   m e a s u r e m e n t   o p t i c a l   a x i s   of   t h e   l e n s   m e t e r ,  

t h e r e b y   m e a s u r i n g   t h e   n e a r - d i s t a n c e   r e f r a c t i o n  

c h a r a c t e r i s t i c s .  

In  a  p r e f e r a b l e   a s p e c t   of   t h e   p r e s e n t   i n v e n t i o n ,   t h e r e  

is  p r o v i d e d   l e n s   m e t e r   h a v i n g   a  l e n s   m o u n t i n g   means   f o r  

m o u n t i n g   t h e   p r o g r e s s i v e   m u l t i f o c a l   l e n s   f i t t e d   i n t o   a n  



e y e g l a s s e s   f r a m e ,   a  m e a s u r i n g   means   f o r   m e a s u r i n g   t h e  

r e f r a c t i o n   c h a r a c t e r i s t i c s   of   t h e   l e n s   to  be  e x a m i n e d ;   a  l e n s  

t a b l e   h a v i n g   a  t a b l e   s u r f a c e   f o r   a b u t t i n g   t h e   l e n s   f r a m e   o f  

t h e   e y e g l a s s e s   f r a m e   and  f o r   r e s t r i c t i n g   t h e   v e r t i c a l   p o s i t i o n  

o f   t h e   l e n s   to  be  e x a m i n e d   w i t h i n   a  p l a n e   s u b s t a n t i a l l y  

v e r t i c a l   to  t h e   o p t i c a l   a x i s   of   t h e   m e a s u r i n g   m e a n s ,   and  a  

l e n s   t a b l e   m o v i n g   means   f o r   m o v i n g   t h e   l e n s   t a b l e   in  such   a  

m a n n e r   as   to  c h a n g e   an  i n t e r v a l   b e t w e e n   t he   t a b l e   s u r f a c e   a n d  

t h e   o p t i c a l   a x i s ,   c h a r a c t e r i t z e d   in  t h a t   t h e   l e n s   m e t e r   has   a  

l e n s   v e r t i c a l   m o v e m e n t   a m o u n t   s e t t i n g   means   f o r   s e t t i n g   a n  

a m o u n t   o f   t h e   v e r t i c a l   m o v e m e n t   of   t h e   l e n s   to  be  e x a m i n e d ,  

and   t h e   l e n s   v e r t i c a l   m o v e m e n t   a m o u n t   s e t t i n g   means   i s  

a r r a n g e d   s u c h   t h a t   i t s   p o i n t   of   o r i g i n   can   be  c h a n g e d  

i n d e p e n d e n t l y   f r o m   t h e   m o v e m e n t   o f   t h e   l e n s   t a b l e .  

The  a b o v e   and  o t h e r   o b j e c t s   and  f e a t u r e s   of   t h e  

p r e s e n t   i n v e n t i o n   w i l l   become   a p p a r e n t   f rom  t h e   f o l l o w i n g  

d e s c r i p t i o n s   o f   p r e f e r r e d   e m b o d i m e n t s   w i t h   r e f e r e n c e   to  t h e  

a c c o m p a n y i n g   d r a w i n g s .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g .   1  is  an  e x p l a n a t o r y   d i a g r a m   i l l u s t r a t i n g   o n e  

e x a m p l e   o f   t h e   p o s i t i o n a l   r e l a t i o n s h i p   among  e a c h   m e a s u r i n g  

p o r t i o n   o f   a  p r o g r e s s i v e   m u l t i f o c a l   l e n s ;  

F i g .   2  i s   a  d i a g r a m   e x p l a i n i n g   p r i s m   t h i n n i n g   w o r k ;  

F i g .   3  i s   an  e x t e r n a l   p e r s p e c t i v e   v i e w   of   a  f i r s t  

e m b o d i m e n t   o f   a  l e n s   m e t e r   a c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n ;  



F i g .   4  is   a  f r o n t   e l e v a t i o n a l   v i e w   of  t he   l e n s  

m o v e m e n t   a m o u n t   i n d i c a t i n g   d e v i c e   of   t he   f i r s t   e m b o d i m e n t ;  

F i g .   5  i s   a  c r o s s - s e c t i o n a l   v i e w   t a k e n   a l o n g   t he   l i n e  

A-A'  of   F i g .   4 ;  

F i g s .   6A  to  6D  a r e   s c h e m a t i c   d i a g r a m s   e x p l a i n i n g   t h e  

o p e r a t i o n   of   he  f i r s t   e m b o d i m e n t   and  a  m e t h o d   of   m e a s u r e m e n t  

b a s e d   t h e r e o n ;  

F i g .   7  is   a  p a r t i a l l y   c u t a w a y   v i e w   i l l u s t r a t i n g   t h e  

l e n s   m o v e m e n t   a m o u n t   i n d i c a t i n g   d e v i c e   o f   a  s e c o n d   e m b o d i m e n t  

of   t h e   p r e s e n t   i n v e n t i o n ;  

F i g s .   8A  to  8C  a r e   e x p l a n a t o r y   d i a g r a m s   i l l u s t r a t i n g  

t h e   f o r m s   of  t h e   i n d i c a t i o n   of  t he   s c a l e   on  the   r i n g   of  t h e  

s e c o n d   e m b o d i m e n t ;  

F i g s .   9A  to  12C  a r e   d i a g r a m s   e x p l a i n i n g   t h e   o p e r a t i o n  

of  t he   s e c o n d   e m b o d i m e n t   and  a  m e t h o d   of   m e a s u r e m e n t   b a s e d  

t h e r e o n ;  

F i g .   13  is  a  d i a g r a m   of   an  o p t i c a l   a r r a n g e m e n t  

i l l u s t r a t i n g   t he   l e n s   m e t e r   of  a  t h i r d   e m b o d i m e n t   of   t h e  

. p r e s e n t   i n v e n t i o n ;  

F i g s .   14A  to  14B  a r e   top   p l a n   v i e w   of   t h e   mask  of  t h e  

t h i r d   e m b o d i m e n t ;  

F i g .   15  is   a  s c h e m a t i c   d i a g r a m   i l l u s t r a t i n g   t he   b a s i c  

p r i n c i p l e   of   m e a s u r e m e n t   a c c o r d i n g   to  t he   t h i r d   e m b o d i m e n t ;  

F i g s .   16A  and  16B  a r e   f l o w c h a r t s   i l l u s t r a t i n g   a  m e t h o d  

of  m e a s u r e m e n t   a c c o r d i n g   to  t h e   t h i r d   e m b o d i m e n t ;  

F i g .   17  is  an  e x t e r n a l   p e r s p e c t i v e   v i e w   i l l u s t r a t i n g   a  

n o s e - s i d e   m o v e m e n t   a m o u n t   d i s p l a y i n g   d e v i c e   a c c o r d i n g   to  a  

f o u r t h   e m b o d i m e n t   of   t h e   p r e s e n t   i n v e n t i o n ;  



F i g .   18  i s   a  v e r t i c a l   c r o s s - s e c t i o n a l   v i e w   t h e r e o f ;  

F i g .   19  i s   a  b l o c k   d i a g r a m   i l l u s t r a t i n g   a  f i f t h  

e m b o d i m e n t   a c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n ;   a n d  

F i g .   20  is   a  f l o w c h a r t   e x p l a i n i n g   t h e   o p e r a t i o n   of   t h e  

f i f t h   e m b o d i m e n t   and  a  m e t h o d   of   m e a s u r e m e n t   b a s e d   t h e r e o n .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

F i r s t   E m b o d i m e n t  

A r r a n g e m e n t  

F i g .   3  is   a  p e r s p e c t i v e   v i e w   i l l u s t r a t i n g   t h e   e x t e r n a l  

v i e w   of   a  l e n s   m e t e r   b a s e d   on  a  f i r s t .  e m b o d i m e n t   of   t h e  

p r e s e n t   i n v e n t i o n .   T h i s   l e n s   m e t e r   has   a  l e n s   h o l d e r   20  f o r  

m o u n t i n g   a  p r o g r e s s i v e   m u l t i f o c a l   l e n s   LE  to  be  e x a m i n e d   w h i c h  

h a s   b e e n   f i t t e d   in  an  e y e g l a s s   f r a m e   F,  as  w e l l   as  a  l e n s  

t a b l e   21  on  w h i c h   t h e   f r a m e   is  m o u n t e d .   As  f o r   t h e   l e n s   t a b l e  

21,   i t s   h e i g h t   ( t h e   i n t e r v a l   b e t w e e n   a  m e a s u r e m e n t   o p t i c a l  

a x i s   O  and  a  t a b l e   s u r f a c e   21a)  can   be  a l t e r e d   by  means   o f   a  

l e v e r   22,   and  i t s   v e r t i c a l   p o s i t i o n   on  t h e   l e n s   LE  to  b e  

e x a m i n e d   can   be  a l t e r e d   w i t h i n   a  p l a n e   s u b s t a n t i a l l y  

p e r p e n d i c u l a r   to  t h e   m e a s u r e m e n t   o p t i c a l   a x i s   O.  I t s  

t r a n s v e r s e   p o s i t i o n   c a n   be  a l t e r e d   by  h o r i z o n t a l l y   m o v i n g   t h e  

f r a m e   F  on  t h e   t a b l e   s u r f a c e   21a  of   t h e   l e n s   t a b l e   2 1 .  

The  a m o u n t   o f   m o v e m e n t   o f   t h i s   l e n s   LE  to  be  e x a m i n e d  

i s   s e t   by  a  l e n s   m o v e m e n t   s e t t i n g   d e v i c e   25,   w h i c h   w i l l   b e  

d e s c r i b e d   l a t e r .   A  m e a s u r e r   v i e w s   t h r o u g h   an  e y e p i e c e   2 3 ,  

r o t a t e s   a  m e a s u r e m e n t   knob   24  u n t i l   a  t a r g e t   image   is  f o c u s e d  

s h a r p l y   on  a  r e t i c l e   ( n o t   s h o w n ) ,   and  can  m e a s u r e   t h e  



r e f r a c t i o n   c h a r a c t e r i s t i c s   of   t he   l e n s   f rom  a  d i o p t e r   s c a l e  

i n d i c a t e d   w i t h i n   an  o c u l a r   f i e l d .   S i n c e   an  o p t i c a l   s y s t e m   f o r  

m e a s u r i n g   r e f r a c t i o n   c h a r a c t e r i s t i c s   p e r   se  of  t h i s   e m b o d i m e n t  

has   t h e   same  a r r a n g e m e n t   as  t h a t   of   a  known  t e l e s c o p i c - t y p e  

l e n s   m e t e r ,   a  d e s c r i p t i o n   t h e r e o f   w i l l   be  o m i t t e d .  

F i g s .   4  and  5  a r e   p a r t i a l l y   e n l a r g e d   v i e w s  

i l l u s t r a t i n g   t h e   a r r a n g e m e n t   of  t h e   l e n s   m o v e m e n t   s e t t i n g  

d e v i c e   25.  T h i s   l e n s   m o v e m e n t   s e t t i n g   d e v i c e   25  i s  

c o n s t i t u t e d   by  t h e   f o l l o w i n g :   a  f e e d   s c r e w   251  h a v i n g   a  k n o b  

250;   a  m o v e m e n t   b l o c k   252  w h i c h   moves   v e r t i c a l l y   by  t h e  

r o t a t i o n   of  t h e   f e e d   s c r e w   251;   a  g u i d e   r a i l   253  h a v i n g   a  

d o v e t a i l   s t r u c t u r e ,   as  shown  by  a  c r o s s   s e c t i o n   2 5 3 a ,   a n d  

a d a p t e d   to  g u i d e   t h e   v e r t i c a l   m o v e m e n t   of  t he   m o v e m e n t   b l o c k  

252;   a  b a s e   p l a t e   s e c u r e d  t o   t h e   m o v e m e n t   b l o c k   252;   a n  

i n d i c a t o r   p l a t e   255  a d h e r e d   on  t h e   b a s e   p l a t e   254 ;   and  a n  

i n d e x   p l a t e   270  i n s t a l l e d   on  the   l e n s   t a b l e   2 1 .  

The  i n d i c a t o r   p l a t e   255  is   p r o v i d e d   w i t h   t h e  

f o l l o w i n g :   an  o p t i c a l   c e n t e r   i n d i c a t o r   257  c o n s t i t u t e d   by  a n  

i n d i c a t o r   l i n e   and  an  "OC"  i n d i c a t o r   s h o w i n g   t h e   p o s i t i o n   o f  

an  o p t i c a l   c e n t e r   or  a  g e o g r a p h i c   c e n t e r ;   a  f i t t i n g   p o s i t i o n  

i n d i c a t o r   258  c o n s t i t u t e d   by  an  i n d i c a t o r   l i n e   and  a  " P P "  

i n d i c a t o r   r e m o v e d   f rom  t h e   i n d i c a t o r   257  by  a  d i s t a n c e   e q u a l  

to   a  d i s t a n c e   a  f rom  t h e   o p t i c a l   c e n t e r   15  of  t he   l e n s   to  a  

f i t t i n g   p o i n t   12,   i l l u s t r a t e d   in  F i g .   1;  a  f a r - d i s t a n c e  

m e a s u r i n g   p o r t i o n   i n d i c a t o r   259  c o n s t i t u t e d   by  an  i n d i c a t o r  

l i n e   and  a  "FAR"  i n d i c a t o r   r e m o v e d   f rom  t h e   i n d i c a t o r   257  by  a  

d i s t a n c e   e q u a l   to  a  d i s t a n c e   A  f rom  t h e   o p t i c a l   c e n t e r   15  o f  



t h e   l e n s   to  t h e   mark   i n d i c a t i n g   t h e   m e a s u r e m e n t   of   n e a r -  

d i s t a n c e   r e f r a c t i o n   c h a r a c t e r i s t i c s ,   shown  in  F i g .   1;  and  a  

n e a r - d i s t a n c e   m e a s u r i n g   i n d i c a t o r   256  c o n s t i t u t e d   by  a n  

i n d i c a t o r   l i n e   and  an  "ADD"  i n d i c a t o r   r e m o v e d   f rom  t h e  

i n d i c a t o r   257  by  a  d i s t a n c e   e q u a l   to  a  d i s t a n c e   B  f rom  t h e  

o p t i c a l   c e n t e r   15  to  t h e   mark  16  i n d i c a t i n g   t he   m e a s u r e m e n t   o f  

n e a r - d i s t a n c e   r e f r a c t i o n   c h a r a c t e r i s t i c s ,   shown  in  F i g .   1 .  

The  n o s e - s i d e   d i s t a n c e   C  b e t w e e n   t h e s e   d i s t a n c e s   A,  B ,  

and  A  and  t h e   mark  16  i n d i c a t i n g   a  p o r t i o n   o f   m e a s u r e m e n t   o f  

n e a r - d i s t a n c e   r e f r a c t i o n   c h a r a c t e r i s t i c s ,   on  t h e   one   h a n d ,   a n d  

t h e   ma rk   15  i n d i c a t i n g   t h e   o p t i c a l   c e n t e r , , o n   t he   o t h e r ,   v a r y  

a c c o r d i n g   to  t h e   l e n s   m a n u f a c t u r e r .   A c c o r d i n g l y ,   in  t h i s  

e m b o d i m e n t ,   i n d i c a t o r s   256  to   259  a r e   p r o v i d e d   i n  

c o r r e s p o n d e n c e   w i t h   t h e   n u m e r a l s   f o r   t h e   r e s p e c t i v e   d i s t a n c e s  

o f   t h e   l e n s   h a v i n g   t h e   l a r g e s t   m a r k e t   s h a r e .   To  f u r t h e r  

i n c r e a s e   t h e   u s e r ' s   c o n v e n i e n c e   in  u s i n g   t h i s   l e n s   m e t e r ,   a  

s e c o n d   i n d i c a t o r   l i n e   259  f o r   i n d i c a t i n g   a  f a r - d i s t a n c e -  

m e a s u r i n g   p o r t i o n   and  a  s e c o n d   i n d i c a t o r   l i n e   256 '   f o r  

i n d i c a t i n g   a  n e a r - d i s t a n c e   m e a s u r i n g   p o r t i o n   a r e   p r o v i d e d   w i t h  

c o l o r s   d i f f e r e n t   f r o m   t h o s e   of   t h e   i n d i c a t o r   l i n e s   256  and  2 5 9  

in  c o r r e s p o n d e n c e   w i t h   t h e   n u m e r a l s   of   d i s t a n c e s   of   t h e  

s e c o n d - r a n k i n g   l e n s   ( f o r   i n s t a n c e ,   256  and  259  in  b l a c k   a n d  

2 5 6 '   and  2 5 9 '   in  g r e e n ) .  

F u r t h e r m o r e ,   to   e n s u r e   t h a t   t h i s   l e n s   m e t e r   can   b e  

u s e d   f o r   m e a s u r e m e n t   o f   any  c o m m e r c i a l l y   a v a i l a b l e   l e n s ,   t h e  

i n d i c a t o r   p l a t e   255  i s   p r o v i d e d   w i t h   a  s c a l e   260  in  p a r a l l e l  

w i t h   t h e   a r r a n g e m e n t   o f   t h e   i n d i c a t o r   l i n e s ,   256 ,   256 '   to  2 5 8 ,  



2 5 8 ' .   Wi th   r e s p e c t   to  t h e   s c a l e   2 6 0 ,   i t s   "0"  p o s i t i o n   261  i s  

made  i d e n t i c a l   as  t he   p o s i t i o n   of  t he   o p t i c a l   c e n t e r   i n d i c a t o r  

257 ,   and  a  n e a r - d i s t a n c e   s c a l e   260a   is  i n d i c a t e d   in  t he   u p p e r  

s i d e   t h e r e o f ,   and  a  f a r - d i s t a n c e   s c a l e   260b  is  i n d i c a t e d   o n  

t he   l o w e r   s i d e   t h e r e o f   e a c h   in  a  d i f f e r e n t   c o l o r   ( f o r   i n s t a n c e  

t he   f a r - d i s t a n c e   s c a l e   i n  b l a c k ,   and  t h e   n e a r - d i s t a n c e   s c a l e  

in  r e d ) .   In  a d d i t i o n ,   t h e   n e a r - d i s t a n c e   s c a l e   is   p r o v i d e d  

w i t h   an  "N"  mark  260c  i n d i c a t i n g   i t s   p u r p o r t ,   w h i l e   t he   f a r -  

d i s t a n c e   s c a l e   is   p r o v i d e d   w i t h   an  "F"  mark  260d  i n d i c a t i n g  

i t s   p u r p o r t .  

On  t he   u n d e r s i d e   of  t h e   l e n s   t a b l e   21  is   s e c u r e d   t h e  

b e n t   p o r t i o n   270a   of   a  t r a n s p a r e n t   p l a s t i c   i n d e x   p l a t e   2 7 0  

h a v i n g   an  L - s h a p e d   c r o s s   s e c t i o n ,   w h i c h   is  c o n s t r u c t e d   s u c h  

t h a t   t h e   u p r i g h t   p o r t i o n   of   t h e   p l a t e   270  f a c e s   t he   i n d i c a t o r  

p l a t e   255 .   T h i s   i n d e x   p l a t e   270  is  p r o v i d e d   w i t h   an  i n d e x  

l i n e   2 7 1 .  

O p e r a t i o n   and  M e a s u r i n g   M e t h o d  

R e f e r r i n g   n e x t   to  F i g s .  6 A   to  6D,  d e s c r i p t i o n   w i l l   b e  

made  of   t h e   o p e r a t i o n   of   t h e   a b o v e - d e s c r i b e d   f i r s t   e m b o d i m e n t  

and  a  m e t h o d   of  m e a s u r i n g   t h e   a m o u n t   of   l e n s   m o v e m e n t  

e m p l o y i n g   t he   s a m e .  

< F i r s t   S t e p > :   As  shown  in  F i g .   6A,  by  a l i g n i n g   t he   l e n s   to  b e  

e x a m i n e d   by  t h e   u se   o f   a  known  l e n s   m e t e r ,   i . e . ,   by  m a k i n g   t h e  

o p t i c a l   c e n t e r   of   t he   l e n s   a g r e e   w i t h   t h e   m e a s u r e m e n t   o p t i c a l  

a x i s   of   t he   l e n s   m e t e r ,   t h e   m e a s u r e r   b r i n g s   t h e   o p t i c a l   c e n t e r  



15  of   t h e   l e n s   LE  to  be  e x a m i n e d   w i t h   t h e   m e a s u r e m e n t   o p t i c a l  

a x i s   15  o f   t h e   l e n s   m e t e r .   At  t h i s   t i m e ,   t h e   l o w e r   end  of   t h e  

l e n s   f r a m e   F  i s   made  to  c o n s t a n t l y   a b u t   t h e   t a b l e   s u r f a c e   2 1 a  

of   t h e   l e n s   t a b l e   21.  The  v e r t i c a l   m o v e m e n t   ( in   t h e   d i r e c t i o n  

of   an  a r r o w   UD)  o f   t h e   l e n s   LE  is   a d j u s t e d   by  t h e   v e r t i c a l  

m o v e m e n t   of   t h e   l e n s   t a b l e   21  by  means   of   a  l e v e r   22.   I n  

a d d i t i o n ,   t h e   t r a n s v e r s e   m o v e m e n t   ( in   t h e   d i r e c t i o n   of   a n  

a r r o w   RL)  o f   t h e   l e n s   LE  is   e f f e c t e d   by  m o v i n g   t h e   f r a m e   F 

i t s e l f   on  t h e   t a b l e   s u r f a c e   21a  w i t h   t h e   f i n g e r s .  

< S e c o n d   S t e p > :   As  shown  in  F i g .   6B,  t h e   f e e d   s c r e w   251  i s  

r o t a t e d   by  r o t a t i n g   t h e   knob   250  so  as  to  move  t h e   m o v e m e n t  

b l o c k   2 5 2 ,   t h e r e b y   b r i n g i n g   t h e   i n d i c a t o r   l i n e   o f   t h e   o p t i c a l  

c e n t e r   i n d i c a t o r   257  on  t h e   i n d i c a t o r   p l a t e   255  w i t h   t h e   i n d e x  

l i n e   271  on  t h e   i n d e x   p l a t e   2 7 0 .  

< T h i r d   S t e p > :   N e x t ,   as   shown  in  F i g .   6C,  t h e   l e n s   t a b l e   21  i s  

l o w e r e d   by  r o t a t i n g   t h e   l e v e r   22  so  as  to  move  t h e   l e n s   LE 

d o w n w a r d l y .   At  t h i s   t i m e ,   i t   g o e s   w i t h o u t   s a y i n g   t h a t  

a t t e n t i o n   m u s t   be  p a i d   so  t h a t   t h e   f r a m e   F  w i l l   n o t   be  r e m o v e d  

f r o m   t h e   t a b l e   s u r f a c e   2 1 a .   T h e n ,   t h e   l e n s   is   l o w e r e d   u n t i l  

t h e   i n d i c a t o r   l i n e   of   t h e   f a r - d i s t a n c e   m e a s u r i n g   p o r t i o n  

i n d i c a t o r   259  o f   t h e   i n d i c a t o r   p l a t e   255  w i t h   i n d e x   l i n e   2 7 1  

of   t h e   i n d e x   p l a t e   2 7 0 .  

C o n s e q u e n t l y ,   s i n c e   t h e   o p t i c a l   c e n t e r   15  of   t h e   l e n s  

LE  is   l o w e r e d   by  t h e   d i s t a n c e   A,  i t   b e c o m e s   p o s s i b l e   to  b r i n g  

t h e   f a r - d i s t a n c e   r e f r a c t i o n   c h a r a c t e r i s t i c s - m e a s u r i n g   p o r t i o n  



13  of   t h e   l e n s   LE  w i t h   t h e   m e a s u r e m e n t   o p t i c a l   a x i s   0  of   t h e  

l e n s   m e t e r .   In  t h i s   s t a t e ,   the   r e f r a c t i o n   c h a r a c t e r i s t i c s   o f  

t h e   l e n s   a r e   m e a s u r e d   by  t he   same  m e t h o d   as  t h a t   f o r   a  k n o w n  

l e n s   m e t e r ,   and  t he   v a l u e   o b t a i n e d   is  s e t   as  t h e   d e g r e e   of  t h e  

f a r   d i s t a n c e .  

<  F o u r t h   S t e p > :   As  shown  in  F i g .   6D,  t h e   l e n s   t a b l e   21  i s  

r a i s e d   by  r o t a t i n g   the   l e v e r   22,  and  t h e   l e n s   LE  is  made  to  b e  

r a i s e d   in  s u c h   a  m a n n e r   t h a t   t h e   i n d e x   l i n e   271  of   t h e   i n d e x  

p l a t e   270  w i l l   be  a l i g n e d   w i t h   t h e   n e a r - d i s t a n c e   m e a s u r i n g  

p o r t i o n   i n d i c a t o r   256  on  t he   i n d i c a t o r   p l a t e   255 .   T h u s ,   t h e  

d i s t a n c e   B,  i . e . ,   t h e   v e r t i c a l   d i s t a n c e   B  f r o m   t h e   o p t i c a l  

c e n t e r   15  to  t he   n e a r - d i s t a n c e   r e f r a c t i o n   c h a r a c t e r i s t i c s  

m e a s u r i n g   p o r t i o n   1 6 ,   is   s e t .   N e x t ,   t h e   f r a m e   F  is   moved  o n  

t he   t a b l e   21a  of  t he   l e n s   t a b l e   t o w a r d   t h e   n o s e   s i d e   ( in   t h e  

d i r e c t i o n   of  an  a r r o w   NE)  by  a  d i s t a n c e   of   2  -  3  mm 

c o r r e s p o n d i n g   to  t h e   n o s e - s i d e   d i s t a n c e   C .  

T h u s ,   t he   n e a r - d i s t a n c e   r e f r a c t i o n   c h a r a c t e r i s t i c s  

m e a s u r i n g   p o r t i o n   16  and  t h e   o p t i c a l   a x i s   0  of   t h e   l e n s   m e t e r  

can   be  a l i g n e d .   To  e n s u r e   t he   a c c u r a c y   of   t h e   a m o u n t   o f  

m o v e m e n t   t o w a r d   t he   n o s e   s i d e ,   t h e   m e a s u r e r   can   a d j u s t   t h e  

a m o u n t   of  m o v e m e n t   a c c u r a t e l y   f r o m   t h e   r e l a t i v e   p o s i t i o n a l  

r e l a t i o n s h i p   b e t w e e n   t h e   t a r g e t   image   w i t h i n   t h e   o c u l a r   f i e l d  

and  t h e   r e t i c l e   m a r k e d   +.  In  t h i s   way,   t h e   d e g r e e   of   t h e   n e a r  

d i s t a n c e   is  m e a s u r e d   f o r   t h e   n e a r - d i s t a n c e   r e f r a c t i o n  

c h a r a c t e r i s t i c s   m e a s u r i n g   p o r t i o n   16,   and  t h e   a d d i t i o n a l  

d e g r e e   of   t he   n e a r   d i s t a n c e   can   be  o b t a i n e d   f rom  a  d i f f e r e n c e  



b e t w e e n   t h e   same  and  t h e   a f o r e m e n t i o n e d   d e g r e e   f o r   t h e   f a r  

d i s t a n c e .  

The  a b o v e - d e s c r i b e d   f i r s t   to  f o u r t h   s t e p s   a r e   t h e  

c a s e s   o f   a  m e t h o d   w h e r e b y   t h e   i n d i c a t o r s   256  to  259  a r e   u s e d ,  

i . e . ,   a  c a s e   w h e r e   t h e   l e n s   LE  to  be  e x a m i n e d   is  t h e   l e n s   o f  

t h e   No.  1  m a r k e t   s h a r e .   H o w e v e r ,   i f   t he   l e n s   o f   N o .  2   m a r k e t  

s h a r e   i s   u s e d   f o r   t h e   l e n s   to  be  e x a m i n e d ,   t h e   i n d i c a t o r s  

2 5 6 ' ,   2 5 9 '   may  be  u s e d   i n s t e a d   of   t h e   i n d i c a t o r s   256 ,   2 5 8 .  

F u r t h e r m o r e ,   i f   t h e   l e n s   to  be  e x a m i n e d   is  one   o f   a  

s m a l l   m a r k e t   s h a r e ,   t h e   l e n s   t a b l e   may  be  moved  by  e m p l o y i n g  

t h e   s c a l e   260  and  a d j u s t i n g   t h e   l e n s   to  <the  d i s t a n c e s   A,  B 

i n d i c a t e d   by  t h e   m e t e r .  

S i n c e   t h e   n o s e - s i d e   d i s t a n c e   C  h a s   a  s m a l l   d i f f e r e n c e  

in   i t s   s e t   v a l u e   in  c o m p a r i s o n   w i t h   t h e   d i s t a n c e s   A,  B,  a m o n g  

m a n u f a c t u r e r s ,   t h e   n e a r - d i s t a n c e   r e f r a c t i o n   c h a r a c t e r i s t i c s  

m e a s u r i n g   p o r t i o n   can   a l w a y s   be  v i r t u a l l y   a l i g n e d   w i t h   t h e  

o p t i c a l   a x i s   m e r e l y   by  m o v i n g   t h e   l e n s   by  a  s u b s t a n t i a l l y  

i d e n t i c a l   a m o u n t .  

F u r t h e r m o r e ,   when  i t   is   d e s i r o u s   to  m e a s u r e   t h e  

r e f r a c t i o n   c h a r a c t e r i s t i c s   of   t h e   l e n s   a t   a  f i t t i n g   p o i n t ,  

m e a s u r e m e n t   may  be  e f f e c t e d   a t   a  p o s i t i o n   to  w h i c h   t he   l e n s   i s  

moved  in  s u c h   a  way  t h a t   t h e   i n d e x   l i n e   271  i s   a l i g n e d   w i t h  

t h e   f i t t i n g   p o s i t i o n   i n d i c a t o r   258  a f t e r   l o w e r i n g   the   l e n s  

t a b l e   2 1 .  



S e c o n d   E m b o d i m e n t  

A r r a n g e m e n t  

F i g s .   7  and  8  i l l u s t r a t e   a  s e c o n d   e m b o d i m e n t   of  t h e  

p r e s e n t   i n v e n t i o n ,   in  w h i c h   t h e   same  n u m e r a l s   a r e   p r o v i d e d   f o r  

t h o s e   c o n s t i t u e n t   e l e m e n t s   w h i c h   a r e   t h e   same  as  or  e q u i v a l e n t  

to  t h o s e   in  t he   a b o v e - d e s c r i b e d   f i r s t   e m b o d i m e n t ,   a n d  

e x p l a n a t i o n   t h e r e o f   w i l l   be  o m i t t e d .  

T h i s   e m b o d i m e n t   is  an  e x a m p l e   in  w h i c h   t h e   l e n s   t a b l e  

m o v e m e n t   a m o u n t - s e t t i n g   d e v i c e   25  is   p r o v i d e d   to  t he   l e v e r   f o r  

v e r t i c a l l y   m o v i n g   t he   l e n s   t a b l e .   In  o t h e r   w o r d s ,   t h e   l e v e r  

22  is  f i x e d   to  one   end  of   a  s h a f t   300  w h i c h   is   p i v o t a l l y  

s u p p o r t e d   by  a  b e a r i n g   2  f o r m e d   in  t he   c a s i n g   1  of   t he   l e n s  

m e t e r .   A  g e a r   301  is   p r o v i d e d   to  t he   o t h e r   end  o f  t h e   s h a f t  

300 ,   and  t h e   r o t a t i o n   of  t he   g e a r   301  is  t r a n s m i t t e d   to  a  

p i n i o n   305  v i a   a  g e a r   t r a i n   302 ,   303 ,   and  304.   The  p i n i o n   3 0 5  

is  e n g a g e d   w i t h   t he   r a c k   306  o f   a  s h a f t   307  to  w h i c h   the   l e n s  

t a b l e   21  is  i n s t a l l e d ,   and  t h e   r o t a t i o n   is   c o n v e r t e d   to  l i n e a r  

v e r t i c a l   m o v e m e n t   so  as  to  move  t he   l e n s   t a b l e   21  v e r t i c a l l y .  

The  i n n e r   s h a f t   s u r f a c e   220  of  t h e   l e v e r   22  i s  

i n s e r t e d   r o t a t a b l y   w i t h   a  p r e d e t e r m i n e d   f r i c t i o n a l   f o r c e   o f  

t h e   i n n e r   p e r i p h e r a l   s u r f a c e   3 l l a   of  t he   r i n g   311  b e i n g  

a p p l i e d   t h e r e t o .   The  p r e d e t e r m i n e d   f r i c t i o n a l   f o r c e   r e f e r r e d  

to  h e r e   means   an  a m o u n t   of   f r i c t i o n a l   f o r c e   w h i c h   w i l l   n o t  

r o t a t e   t h e   l e v e r   22  when  t h e   r i n g   311  is  r o t a t e d   by  g r i p p i n g  

t he   s a m e ,   b u t   w h i c h   is  n e c e s s a r y   to  r o t a t e   i n t e g r a l l y   w i t h   t h e  

l e v e r   22  when  t he   l e v e r   22  i s   r o t a t e d .   In  a d d i t i o n ,   an  i n d e x  

c y l i n d e r   310  is   f o r m e d   on  t h e   c a s i n g   1  in  p a r a l l e l   w i t h   t h e  



r i n g   3 1 1 ,   and  t h e   i n d e x   l i n e   271  i s   p r o v i d e d   on  t h e   e x t e r n a l  

s u r f a c e   t h e r e o f .   The  e x t e r n a l   p e r i p h e r a l   s u r f a c e   of   t h e   r i n g  

311  i s   p r o v i d e d   w i t h   t h e   i n d i c a t o r s   256  to  259  a t   c y c l i c a l  

i n t e r v a l s   and  t h e   o p p o s i t e   e x t e r n a l   p e r i p h e r a l   s u r f a c e d   i s  

p r o v i d e d   w i t h   t h e   s c a l e   260 ,   as  shown  in  F i g .   8 C .  

O p e r a t i o n   and  M e a s u r i n g   M e t h o d  

R e f e r r i n g   n e x t   to  F i g s .   9  to  12,   d e s c r i p t i o n   w i l l   b e  

m a d e  o f   t h e   o p e r a t i o n   of   t h e   a b o v e - d e s c r i b e d   s e c o n d   e m b o d i m e n t  

and  a  m e t h o d   o f   m e a s u r i n g   t h e   r e f r a c t i o n   c h a r a c t e r i s t i c s   o f  

t h e   l e n s   to  be  e x a m i n e d   e m p l o y i n g   t h e   s a m e .   F i g s .   9A,  1 0 A ,  

l l A ,   and  12A  i l l u s t r a t e   t h e   f i e l d s   of   o b s e r v a t i o n   t h r o u g h   t h e  

e y e p i e c e   23 ,   r e s p e c t i v e l y .  

< F i r s t   S t e p > :   The  l e v e r   22  and  t h e   f r a m e   F  a r e   moved  as   i n  

t h e   c a s e   o f   t h e   a f o r e m e n t i o n e d   f i r s t   s t e p   of   t h e   f i r s t  

e m b o d i m e n t   in  s u c h   a  m a n n e r   t h a t   t h e   p o i n t   of   i n t e r s e c t i o n   o f  

t h e   +  m a r k e d   r e t i c l e   of   t h e   o c u l a r   f i e l d   23a   and  t h e   c e n t e r   o f  

t h e   t a r g e t   i m a g e   23c  w i l l   a g r e e   w i t h   e a c h   o t h e r .  

< S e c o n d   S t e p > :   A f t e r   c o n f i r m i n g   t h e   a g r e e m e n t   b e t w e e n   t h e  

t a r g e t   i m a g e   23c  and  t h e   +  m a r k e d   r e t i c l e   23b ,   t h e   r i n g   311  i s  

r o t a t e d   so  t h a t   t h e   i n d i c a t o r   257  t h e r e o f   and  t h e   i n d e x   l i n e  

271  w i l l   be  a l i g n e d ,   as  shown  in  F i g .   9B.  In  a  c a s e   w h e r e   t h e  

l e n s   LE  to   be  e x a m i n e d   is  a  l e n s   o f   a  s m a l l   m a r k e t   s h a r e ,  

i . e . ,   when  i t   i s   n e c e s s a r y   to   u s e   t h e   s c a l e   260 ,   . t h e   0 

p o s i t i o n   i n d i c a t o r   261  is   a l i g n e d   w i t h   t h e   i n d e x   l i n e   271 ,   a s  

shown  in  F i g .   9 C .  



At  t h i s   t i m e ,   s i n c e   t h e   r i n g   311  is  s l i d a b l y   r o t a t e d  

on  the   i n n e r   s h a f t   s u r f a c e _ 2 2 0   of  the   l e v e r   22,  t he   l e v e r   2 2  

is   n o t   r o t a t e d .   A c c o r d i n g l y ,   t h e   m o v e m e n t   of   t he   l e n s   t a b l e ,  

a n d ,   h e n c e ,   t h e   l e n s   to   be  e x a m i n e d ,   d o e s   n o t   o c c u r .  

< T h i r d   S t e p > :   The  l e v e r   22  i s   r o t a t e d ,   and  t h e   f a r - d i s t a n c e  

m e a s u r i n g   p o r t i o n   i n d i c a t o r   259  p r o v i d e d   to  t he   r i n g   3 1 1 ,  

w h i c h   is  r o t a t e d   i n t e g r a l l y   by  means   of   t he   f r i c t i o n a l   f o r c e  

o c c u r r i n g   b e t w e e n   t h e   i n n e r   s h a f t   s u r f a c e   220  and  t he   i n n e r  

p e r i p h e r a l   s u r f a c e   311a   of  t he   r i n g   3 1 1 ,   is   a l i g n e d   w i t h   t h e  

i n d e x   l i n e   271 ,   as  shown  in  F i g .   1 0 B .  

In  c o n s e q u e n c e ,   t h e   l e n s   LE  to  be  e x a m i n e d   is  l o w e r e d  

t o g e t h e r   w i t h   t he   l e n s   t a b l e   21,  and  t h e   f a r - d i s t a n c e  

r e f r a c t i o n   c h a r a c t e r i s t i c s - m e a s u r i n g   p o r t i o n   13  is   a l i g n e d  

w i t h   t h e   o p t i c a l   a x i s   O  of   t he   l e n s   m e t e r .   In  a  c a s e   w h e r e  

t he   s c a l e   260  is  u s e d ,   i f   t he   v a l u e   of   t he   d i s t a n c e   A 

a n n o u n c e d   by  t he   m a n u f a c t u r e r   of   t he   l e n s   to  be  e x a m i n e d   i s ,  

fo r   i n s t a n c e ,   6  mm,  the   l e v e r   22  i s   r o t a t e d   u n t i l   t he   i n d e x  

l i n e   271  and  t h e   d i v i s i o n   6  of  t h e   s c a l e   260c   w i l l   a g r e e   w i t h  

e a c h   o t h e r .   A f t e r   t h u s   m o v i n g   t he   l e n s   to  be  e x a m i n e d ,   t h e  

m e a s u r i n g   k n o b   24  i s   r o t a t e d ,   t he   t a r g e t   image   23c  is  f o r m e d  

s h a r p l y   on  t h e   r e t i c l e ,   as  shown  in  F i g .   10A,  and  t h e   d e g r e e  

fo r   t he   f a r   d i s t a n c e   a t   t h a t   t i m e   is   r e a d   t h r o u g h   an  i n d i c a t o r  

w indow  2 3 d .  

< F o u r t h   S t e p > :   T h e n ,   t h e   n e a r - d i s t a n c e   m e a s u r i n g   p o r t i o n  

i n d i c a t o r   256  p r o v i d e d   to  t h e   r i n g   311  is  made  to  a g r e e   w i t h  



t h e   i n d e x   l i n e   271  by  r o t a t i n g   t h e   l e v e r   22 ,   as  shown  in  F i g .  

11B.  In  a  c a s e   w h e r e   t h e   s c a l e   260  is   to   be  u s e d ,   t h e   n e a r -  

d i s t a n c e   s c a l e   260a   is  u s e d ,   and  i f   t h e   d i s t a n c e   B  of   t h e   l e n s  

to  be  e x a m i n e d   i s ,   f o r   i n s t a n c e ,   18  mm,  a  d i v i s i o n   18  and  t h e  

i n d e x   l i n e   271  a r e   made  to  a g r e e   w i t h   e a c h   o t h e r ,   as  shown  i n  

F i g .   11C.  T h e n ,   t h e   l e n s   is   moved  t o w a r d   t h e   n o s e   s i d e   on  t h e  

t a b l e   s u r f a c e   21a  by  2  -   3  mm  to  s u c h   a  p o s i t i o n   t h a t   t h e  

t a r g e t   i m a g e   23c  w i l l   a g r e e   w i t h   t h e   v e r t i c a l   l i n e   of   t he   + 

m a r k e d   r e t i c l e   23b ,   as  shown  in  F i g .   l l A .   The  m e a s u r i n g   k n o b  

24  i s   r o t a t e d   a t   t h i s   p o s i t i o n   to  make  t h e   t a r g e t   i m a g e  

s h a r p l y   f o r m e d ,   and  t h e   d e g r e e   f o r   t h e   n e a r   d i s t a n c e   a t   t h a t  

t i m e   is   r e a d   t h r o u g h   t h e   i n d i c a t o r   w indow  23d.   From  t h e   v a l u e  

- 1 . 2 5   D  r e a d   in  t h e   t h i r d   s t e p   and  t h e   v a l u e   + 1 . 7 5   D  r e a d   i n  

t h i s   s t e p ,   t h e   a d d i t i o n a l   d e g r e e   f o r   t h e   n e a r   d i s t a n c e   can   b e  

c a l c u l a t e d   as  [ + 1 . 7 5  -   ( - 1 . 2 5 ) ]  =   3 . 0 0   D.  

When  i t   is   n e c e s s a r y   to  m e a s u r e   t he   r e f r a c t i o n  

c h a r a c t e r i s t i c s   a t   t h e   f i t t i n g   p o i n t   in  a d d i t i o n   to  t h e  

f o r e g o i n g   s t e p s   o f   m e a s u r e m e n t ,   t h e   f i t t i n g   p o s i t i o n   i n d i c a t o r  

258  o f   t h e   r i n g   311  is   made  to  be  a l i g n e d   w i t h   t h e   i n d e x   l i n e  

271  by  r o t a t i n g   t h e   l e v e r   22 ,   as  shown  in  F i g .   12B.  In  a  c a s e  

w h e r e   t h e   s c a l e   260  i s   to  b e  u s e d ,   i f   t h e   d i s t a n c e   a  i s ,   f o r  

i n s t a n c e   4  mm,  t h e   i n d e x   l i n e  2 7 1   i s   made  to  a g r e e   w i t h   t h e  

d i v i s o n   4  o f   t h e   s c a l e   2 6 0 c .   In  t h i s   p o s i t i o n   of   m o v e m e n t ,  

t h e   t a r g e t   i m a g e   23e  is   made  s h a r p   by  r o t a t i n g   t h e   m e a s u r i n g  

k n o b ,   and  t h e   d e g r e e   a t  t h a t   t i m e   may  be  r e a d   t h r o u g h   t h e  

i n d i c a t o r   w i n d o w   2 3 d .  



T h i r d   E m b o d i m e n t  

A r r a n g e m e n t  

The  a b o v e - d e s c r i b e d   f i r s t   and  s e c o n d   e m b o d i m e n t s   a r e  

c a s e s   w h e r e   t h e   l e n s   t a b l e   m o v e m e n t   m e c h a n i s m   of  a  

c o n v e n t i o n a l l y   known  t e l e s c o p i c   l e n s   m e t e r   is  i m p r o v e d .  

H o w e v e r ,   t he   p r e s e n t   i n v e n t i o n   is   n o t   be  r e s t r i c t e d   to  t h i s  

t y p e   of  l e n s   m e t e r   a l o n e ,   and  may  be  e m p l o y e d   in  a  s o - c a l l e d  

a u t o   l e n s   m e t e r .   F i g s .   13  to  15  show  an  e x a m p l e   of  t h e   a u t o  

l e n s   m e t e r .   T h i s   a u t o   l e n s   m e t e r   has   t h e   same  a r r a n g e m e n t   a s  

t h a t   of   one  w h i c h   is  c o m m e r c i a l l y   a v a i l a b l e   as  T o p c o n   C L - 1 0 0 0  

made  by  Tokyo   Kogaku   K i k a i   C o . ,   L t d . ,   and  as  f o r   t he   b a s i c  

p r i n c i p l e   of  m e a s u r e m e n t   and  t he   d e t a i l s   of  t he   a r r a n g e m e n t  

t h e r e o f ,   r e f e r   to  J a p a n e s e   P a t e n t   L a i d - O p e n   No.  2 9 9 9 3 3 / 1 9 8 2 .  

A  l u m i n o u s   f l u x   f rom  t h e   l i g h t   s o u r c e   401  of   t h e  

m e a s u r e m e n t   o p t i c a l   s y s t e m   400  of  t h i s   l e n s   m e t e r   is   made  i n t o  

a  p o i n t   l i g h t   s o u r c e   by  means   of  an  a p e r t u r e   402 .   T h e  

l u m i n o u s ,  f l u x   f r o m   t h e   a p e r t u r e   402  is   made  i n t o   a  p a r a l l e l  

l u m i n o u s   f l u x   by  means   o f   a  c o l l i m a t e r   l e n s   404  v i a   a  m i r r o r  

403 ,   and  is  made  i n c i d e n t   upon   t h e   l e n s   LE  to  be  e x a m i n e d   h e l d  

by  t h e  l e n s   h o l d e r   20  and  t h e   l e n s   t a b l e   21.  A f t e r   b e i n g  

t r a n s m i t t e d   t h o u g h   t he   l e n s   LE  b e i n g   e x a m i n e d ,   t h e   l u m i n o u s  

f l u x   is   r e f l a t e d   by  t he   m i r r o r   406 ,   and  is   t h e n   d i v i d e d   i n t o   a  

f i r s t   o p t i c a l   p a t h   c o n s t i t u t e d   by  a  h a l f   m i r r o r   407  and  a  

m i r r o r   409  and  a  s e c o n d   o p t i c a l   p a t h   c o n s t i t u t e d   by  a  h a l f  

m i r r o r   407  and  a  m i r r o r   408 .   T h e  f i r s t   and  s e c o n d   o p t i c a l  

p a t h s   a r e   p r o v i d e d   w i t h   m a s k s   411 ,   412  h a v i n g   a  m u l t i p l i c i t y  

of   p a r a l l e l   l i n e a r   s l i t s   4 1 1 a ,   4 1 2 a ,   as  shown  in  F i g s .   14A  a n d  



14B,   r e s p e c t i v e l y .   In  a d d i t i o n ,   a  s h u t t e r   415  f o r   c h a n g i n g  

o v e r   t h e   f i r s t   and  s e c o n d   o p t i c a l   p a t h s   is   a l s o   p r o v i d e d .   T h e  

l u m i n o u s   f l u x   s e l e c t e d   by  t h e   mask  411  in  t he   f i r s t   o p t i c a l  

p a t h   i s   d i v i d e d   i n t o   two  by  t h e   h a l f   m i r r o r   4 1 0 ,   e a c h   b e i n g  

d e t e c t e d   by  l i n e   s e n s o r s   4 1 3 ,   414  c o n s t i t u t e d   by  a  CCD, 

r e s p e c t i v e l y .   On  t h e   o t h e r   h a n d ,   t h e   l u m i n o u s   f l u x   s e l e c t e d  

and  t r a n s m i t t e d   by  t h e   mask  412  in  t he   s e c o n d   o p t i c a l   p a t h   i s  

s i m i l a r l y   d i v i d e d   i n t o   two  by  t h e   h a l f   m i r r o r   410 ,   e a c h   b e i n g  

d e t e c t e d   by  t h e   l i n e   s e n s o r s   4 1 3 ,   4 1 4 .  

The  l i n e   s e n s o r s   4 1 3 ,   414  c o n s t i t u t e   a  s y s t e m   o f  

o r t h o g o n a l   c o o r d i n a t e s ,   as  shown  in  F i g .   15.  A  c o m p u t i n g   a n d  

c o n t r o l l i n g   c i r c u i t   420  c o m p u t e s   t h e   r e f r a c t i o n  

c h a r a c t e r i s t i c s   of   t h e   l e n s   b e i n g   e x a m i n e d   f rom  t he   p i t c h e s  

P l ,   P2  and  a n g l e s   o f   i n c l i n a t i o n   01 ,   02  of   t h e   p r o j e c t e d  

p a t t e r s   4 1 1 a '   o f   t h e   m a s k  4 1 1   and  t h e   p r o j e c t e d   p a t t e r n   4 1 2 a '  

of   t h e   mask   4 1 2 ,   and  t h e   m e a s u r e d   v a l u e   i s   d i g i t a l l y   d i s p l a y e d  

on  a  C R T   d i s p l a y   423  v i a   an  i n t e r f a c e   c i r c u i t   421 ,   and  i s  

t e m p o r a r i l y   s t o r e d   in   a  memory   4 2 2 .  

In  a d d i t i o n ,   as   shown  in  F i g .   15 ,   t h e   r e f r a c t i o n   o f   a  

p r i s m   is   c a l c u l a t e d   f r o m   t h e   a m o u n t   o f   d i s c r e p a n c y   b e t w e e n   t h e  

c e n t e r   o f   a  q u a d r i l a t e r a l   o b t a i n e d   f r o m   t h e   p r o j e c t e d   p a t t e r n s  

4 1 1 a ' ,   4 1 2 a '   and  an  o r i g i n   0  ( c o a x i a l   w i t h   t h e   m e a s u r e m e n t  

o p t i c a l   a x i s ) ,   and  t h a t   a m o u n t   o f   d i s c r e p a n c y   is  i l l u s t r a t e d  

on  t h e   CRT  d i s p l a y   423  in  t h e   f o rm  of   a  f i g u r e .   On  t h e   b a s i s  

of   t h i s   d i s p l a y e d   f i g u r e   4 2 3 a ,   t h e   a l i g n m e n t   of   t h e   l e n s   LE  i s  

c a r r i e d   o u t .  



A  m a r k i n g   mode  s w i t c h   431  fo r   c o m m a n d i n g   t he   s t a r t   o f  

m e a s u r e m e n t ,   a  memory  mode  s w i t c h   432  f o r   t r a n s m i t t i n g   t h e  

m e a s u r e d   v a l u e   to  t h e   memory  and  s t o r i n g   i t   t h e r e i n ,   and  a n  

ADD  mode  s w i t c h   433  f o r   c o m m a n d i n g   t he   c a l c u l a t i o n   of  t h e  

a d d i t i o n a l   d e g r e e   fo r   t h e   n e a r   d i s t a n c e   a r e   c o n n e c t e d   to  t h e  

c o m p u t i n g   and  c o n t r o l l i n g   c i r c u i t   420 ,   r e s p e c t i v e l y .  

In  t h i s   e m b o d i m e n t ,   t h e   l e n s   m o v e m e n t   a m o u n t   s e t t i n g  

d e v i c e   25m,  w h i c h   has   b e e n   d e s c r i b e d   in  d e t a i l   in  t he   s e c o n d  

e m b o d i m e n t ,   is  i n c o r p o r a t e d   i n t o   t h i s   a u t o   l e n s   m e t e r .  

O p e r a t i o n   and  M e a s u r i n g   M e t h o d   6 

R e f e r r i n g   n e x t   to  a  f l o w c h a r t   shown  i n   F i g .   1 6 A ,  

d e s c r i p t i o n   o f   t he   o p e r a t i o n   of   t h i s   t h i r d   e m b o d i m e n t   and  a  

m e t h o d   of   s e t t i n g   t h e   l e n s   to  be  e x a m i n e d   and  a  m e t h o d   o f  

m e a s u r e m e n t   b a s e d   t h e r e o n   w i l l   be  g i v e n   h e r e i n u n d e r .  

S t e p   101:   The  m a r k i n g   mode  s w i t c h   431  is  t u r n e d   ON. 

S t e p   102 :   The  c o m p u t i n g   and  c o n t r o l l i n g   c i r c u i t   4 2 0  

m e a s u r e s   an  a m o u n t   of   d i s c r e p a n c y   b e t w e e n   t h e  

o p t i c a l   a x i s   of   t h e   l e n s   b e i n g   e x a m i n e d   and  t h e  

o p t i c a l   a x i s  0   of  t h e   m e a s u r e m e n t   o p t i c a l   s y s t e m  

400  (an  a m o u n t   of   d i s c r e p a n c y   w i t h   O  in  F i g .   1 5 ) .  

S t e p   103 :   The  a m o u n t   of   d i s c r e p a n c y   b e t w e e n   t he   m e a s u r e m e n t  

o p t i c a l   a x i s   0  and  t h e   o p t i c a l   c e n t e r   15  of   t h e  

l e n s   b e i n g   e x a m i n e d   is   d i s p l a y e d   on  t h e   CRT 

d i s p l a y   423  in  t he   fo rm  of   t h e   d i s p l a y e d   f i g u r e  

4 2 3 a .   The  p o i n t   0  of   i n t e r s e c t i o n   of   t h e   c r o s s  



o f   t h e   d i s p l a y e d   f i g u r e   423a   shows   t h e  

m e a s u r e m e n t   o p t i c a l   a x i s ,   w h i l e   t h e   p o i n t   To  o f  

t h e   c r o s s   t a r g e t   f i g u r e   T  s h o w s   t h e   p o s i t i o n   o f  

t h e   o p t i c a l   c e n t e r   o f   t h e   l e n s   b e i n g   e x a m i n e d .  

S t e p   1 0 4 :   The  m e a s u r e r   c h e c k s   w h e t h e r   t h e   p o i n t   To  o f  

i n t e r s e c t i o n   in  t h e   t a r g e t   f i g u r e   and  t h e   p o i n t   0  

of   t h e   c r o s s   a g r e e   w i t h   e a c h   o t h e r ,   i . e . ,   w h e t h e r  

o p t i c a l   c e n t e r   of   t h e   l e n s   b e i n g   e x a m i n e d   and  t h e  

m e a s u r e m e n t   o p t i c a l   a x i s   a g r e e   w i t h   e a c h   o t h e r .  

I f   t h e y   a g r e e ,   t h e   o p e r a t i o n   p r o c e e d s   to  S t e p  

1 0 7 ,   a n d ,   i f   t h e y   do  n o t ,   to   S t e p   1 0 5 .  

S t e p . 1 0 5 :   The  m e a s u r e r   m o v e s   t h e   l e n s   b e i n g   e x a m i n e d   w h i c h  

is   p l a c e d   in  t h e   f r a m e   F  w h i l e   v i e w i n g   t h e  

d i s p l a y e d   f i g u r e   423a   on  t h e   CRT  d i s p l a y ,   so  t h a t  

t h e   p o i n t   O  o f   i n t e r s e c t i o n   and  t h e   p o i n t   To  o f  

i n t e r s e c t i o n   w i l l   be  a l i g n e d .   At  t h i s   t i m e ,   t h e  

v e r t i c a l   m o v e m e n t   o f   t h e   l e n s   b e i n g   e x a m i n e d   i s  

e f f e c t e d   by  r o t a t i n g   t h e   l e v e r   22  of   t h e   l e n s  

m o v e m e n t   a m o u n t   s e t t i n g   d e v i c e   25  and  b y  

v e r t i c a l l y   m o v i n g   t h e   l e n s   t a b l e   in  a  s t a t e   i n  

w h i c h   t h e   l o w e r   end  of   t h e   f r a m e   F  a b u t s   t h e  

t a b l e   s u r f a c e   o f   t h e   t a b l e   21.   The  t r a n s v e r s e  

m o v e m e n t   o f   t he   l e n s   b e i n g   e x a m i n e d   is   e f f e c t e d  

by  t r a n s v e r s e l y   m o v i n g   t h e   f r a m e   i t s e l f   on  t h e  

t a b l e   s u r f a c e   2 1 .  

S t e p   1 0 6 :   A f t e r   c o n f i r m i n g   t h a t   t h e   p o i n t   0  o f   i n t e r s e c t i o n  

and  t h e   p o i n t   To  of   i n t e r s e c t i o n   a r e   a l i g n e d   i n  



t h e   d i s p l a y e d   f i g u r e   423a   on  t he   CRT  d i s p l a y   4 2 3 ,  

t he   r i n g   311  of  t he   s e t t i n g   d e v i c e   25  is   g r i p p e d  

and  r o t a t e d ,   so  t h a t   t h e   o p t i c a l   c e n t e r   i n d i c a t o r  

257  (OC)  p r o v i d e d   on  t h e   e x t e r n a l   p e r i p h e r a l  

s u r f a c e   t h e r e o f   w i l l   be  a l i g n e d   w i t h   t he   i n d e x  

l i n e   271 .   I f   t h e   s c a l e   260  i s   to  be  u s e d ,   t h e   0 

p o s i t i o n   i n d i c a t o r   261  of   t h e   r i n g   and  t h e   i n d e x  

l i n e   271  a r e   made  to  a g r e e   w i t h   e a c h   o t h e r .  

S t e p  1 0 7 :   The  l e v e r   22  i s   r o t a t e d ,   and  t h e   f a r - d i s t a n c e -  

m e a s u r i n g   p o r t i o n   i n d i c a t o r   259  (FAR)  of   t he   r i n g  

311 ,   w h i c h   r o t a t e s   i n t e g r a l l y '   t h e r e w i t h ,   i s   m a d e  

to  a g r e e   w i t h   t h e   i n d e x   l i n e   271 .   I f   t h e   s c a l e  

260  is  to  be  u s e d ,   t he   d i v i s i o n   of  t h e   f a r -  

d i s t a n c e   s c a l e   260c   is  a d j u s t e d   to   t h e   v a l u e   o f  

t h e   d i s t a n c e   A  a n n o u n c e d   by  t h e   m a n u f a c t u r e r .  

C o n s e q u e n t l y ,   t h e   f a r - d i s t a n c e   r e f r a c t i o n  

c h a r a c t e r i s t i c s - m e a s u r i n g   p o r t i o n   of  t h e   l e n s  

b e i n g   e x a m i n e d   is  a l i g n e d   w i t h   t h e   m e a s u r e m e n t  

o p t i c a l   a x i s .  

S t e p   108 :   The  c o m p u t i n g   and  c o n t r o l l i n g   c i r c u i t   4 2 0  

c o m p u t e s   t h e   f a r - d i s t a n c e   r e f r a c t i o n  

c h a r a c t e r i s t i c s   on  t h e   b a s i s   of   t h e   d a t a   s u p p l i e d  

f rom  t he   l i n e   s e n s o r s   413 ,   414 ,   and  d e l i v e r s   t h e  

r e s u l t s   to  t h e   CRT  d i s p l a y   423  v i a   t he   i n t e r f a c e  

c i r c u i t   4 2 1 .  

S t e p   109 :   The  CRT  d i s p l a y   423  d i g i t a l l y   d i s p l a y s   t h e  

m e a s u r e d   r e s u l t s ,   i . e . ,   t h e   d e g r e e   of   s p h e r i c a l  



s u r f a c e   S,  t h e   d e g r e e   of   c y l i n d e r   C,  t h e   a n g l e   o f  

c y l i n d r i c a l   a x i s   A,  and  t h e   a m o u n t   of   p r i s m   P ,  

r e s p e c t i v e l y .  

S t e p   1 1 0 :   T u r n   ON  t h e   memory  mode  s w i t c h   432 .   T h e  

c o m p u t i n g   and  c o n t r o l l i n g   c i r c u i t   432  i n s t r u c t s  

t h e   i n t e r f a c e   c i r c u i t   421  to  h o l d   t he   v a l u e  

m e a s u r e d   in  S t e p   108  w h i c h   is   on  t h e   d i s p l a y   4 2 3 ,  

and  c a u s e s   t h e   memory   c i r c u i t   422  to  s t o r e   t h e  

m e a s u r e d   v a l u e .  

S t e p   1 1 1 :   T u r n   ON  t h e   ADD  mode  s w i t c h   433 .   The  c o m p u t i n g  

and  c o n t r o l l i n g   c i r c u i t   432  o p e r a t e s   to  i n s t r u c t  

a  v a l u e ,   in  w h i c h   t h e   d e g r e e   o f   s p h e r i c a l   s u r f a c e  

c a l c u l a t e d   in  t h e   p r e v i o u s   S t e p   109  i s   s u b t r a c t e d  

f r o m   a  s u b s e q u e n t   m e a s u r e d   r e s u l t   of   t h e   d e g r e e  

of   s p h e r i c a l   s u r f a c e ,   to  be  d i s p l a y e d   on  t h e  

"ADD"  i n d i c a t o r   on  t h e   CRT  d i s p l a y   4 2 3 .  

S t e p   1 1 2 : .   R o t a t e   t h e   l e v e r   22 ,   and  make  t h e   n e a r - d i s t a n c e -  

m e a s u r i n g   p o r t i o n   i n d i c a t o r   256  of   t h e   r i n g   3 1 1  

r o t a t i n g   t h e r e w i t h   a g r e e   w i t h   t h e   i n d e x   l i n e   2 7 1 .  

I f   t h e   s c a l e   260  is   to  be  u s e d ,   make  t h e  

n u m e r i c a l   v a l u e   of   t h e   d i s t a n c e   B  s t a t e d   by  t h e  

m a n u f a c t u r e r   a g r e e   w i t h   t h e   i n d e x   l i n e   271  by  t h e  

u s e   of   a  d i v i s i o n   of   t h e   n e a r - d i s t a n c e   s c a l e  

2 6 0 d .   In  c o n s e q u e n c e ,   t h e   l e n s   b e i n g   e x a m i n e d   i s  

moved  a l o n g   a  v e r t i c a l   l i n e   c o n n e c t i n g   t h e  

o p t i c a l   c e n t e r   a n d   t h e   f a r - d i s t a n c e   r e f r a c t i o n  

c h a r a c t e r i s t i c s - m e a s u r i n g   p o r t i o n   by  a  d i s t a n c e  

(A  +  B)  f r o m   t h e   p o s i t i o n   in  S t e p   1 0 8 .  



S t e p  1 1 3 :   The  m e a s u r e r   moves   t he   f r a m e   F  on  t h e   t a b l e  

s u r f a c e   21a  t o w a r d   t he   n o s e   s i d e   t h e r e o f   w h i l e  

h o l d i n g   t he   f r a m e   F .  

S t e p   114 :   The  c o m p u t i n g   and  c o n t r o l l i n g   c i r c u i t   4 2 0  

s u b t r a c t s   t h e   n u m e r i c a l   v a l u e   of   t he   d e g r e e   o f  

t h e   s p h e r i c a l   s u r f a c e   of   t he   f a r - d i s t a n c e  

m e a s u r i n g   p o r t i o n   in  S t e p   108  f rom  t h e   r e f r a c t i o n  

c h a r a c t e r i s t i c s ,   p a r t i c u l a r l y   t he   d e g r e e   o f  

s p h e r i c a l   s u r f a c e ,   e m e r g i n g   on  e v e r y   o c c a s i o n  

when  t h e   l e n s   b e i n g   e x a m i n e d   is  moved  t o w a r d   t h e  

n o s e   s i d e   in  S t e p   113 ,   a n d '  t h e   c o m p u t i n g   a n d  

c o n t r o l l i n g   c i r c u i t   420  c o n s e c u t i v e l y   o u t p u t s   t h e  

r e s u l t s   as  t h e   a d d i t i o n a l   d e g r e e   of  t h e   n e a r  

d i s t a n c e .  

S t e p   115 :   The  o u t p u t   of  t he   a d d i t i o n a l   d e g r e e   of   t he   n e a r  

d i s t a n c e   f rom  S t e p   114  i s   c o n s e c u t i v e l y   d i g i t a l l y  

d i s p l a y e d   on  t h e   "ADD"  i n d i c a t o r   on  t h e   CRT 

d i s p l a y   423  v i a   t he   i n t e r f a c e   4 2 1 .  

S t e p   116:   W h i l e   o b s e r v i n g   t h e   c h a n g e   in  t h e   a d d i t i o n a l  

d e g r e e   of   t he   n e a r   d i s t a n c e   on  t h e   "ADD"  d i s p l a y  

s e c t i o n   on  t h e   CRT  d i s p l a y ,   t h e   m e a s u r e r   m o v e s  

t h e   l e n s   b e i n g   e x a m i n e d   on  t h e   t a b l e   s u r f a c e  

t o w a r d   t h e   n o s e   s i d e   u n t i l   t h a t   a d d i t i o n a l   d e g r e e  

b e c o m e s   m a x i m u m .  

S t e p   117 :   When  t h e   a d d i t i o n a l   d e g r e e   of   t he   n e a r   d i s t a n c e  

has   b e c o m e   maximum,   t h e   n e a r - d i s t a n c e   r e f r a c t i o n  

c h a r a c t e r i s t i c s   m e a s u r i n g   p o r t i o n   of   t h e   l e n s  



b e i n g   e x a m i n e d   a g r e e s   w i t h   t h e   m e a s u r e m e n t  

o p t i c a l   a x i s .   The  m e a s u r e r   t u r n s   ON  t h e   m e m o r y  

mode  s w i t c h   432  and  g i v e s   i n s t r u c t i o n s   to  t h e  

c o m p u t i n g   and  c o n t r o l l i n g   c i r c u i t   420  so  as  t o  

h o l d   t h e   a d d i t i o n a l   d e g r e e   o f   t h e   n e a r   d i s t a n c e  

b e i n g   d i s p l a y e d   in  t h e   "ADD"  d i s p l a y   p o r t i o n   o n  

t h e   CRT  d i s p l a y   423  and  to  make  t he   memory  4 2 2  

s t o r e   t h a t   v a l u e .  

In  t h e   a b o v e - d e s c r i b e d   s t e p s   o f   m e a s u r e m e n t ,   i f   i t   i s  

d e s i r o u s   to  m e a s u r e   t h e   r e f r a c t i o n   c h a r a c t e r i s t i c s   a t   t h e  

f i t t i n g   p o i n t   o f   t h e   l e n s   LE  to  be  e x a m i n e d ,   t h e   r e f r a c t i o n  

c h a r a c t e r i s t i c s   may  be  m e a s u r e d   a t   a  p o s i t i o n   w h e r e   t he   l e n s  

LE  b e i n g   e x a m i n e d   i s   moved  by  r o t a t i n g   t h e   l e v e r   22  u n t i l   t h e  

f i t t i n g   p o s i t i o n   i n d i c a t o r   258  (PP)  on  t h e   r i n g   311  o f   t h e  

m o v e m e n t   a m o u n t   s e t t i n g   d e v i c e   25  a f t e r   S t e p   106 ,   as  in  t h e  

c a s e   o f   S t e p   120  as  shown  by  a  l o n g   and  two  s h o r t   d a s h e s   l i n e  

in  F i g .   1 6 A .  

In   r e c e n t   y e a r s ,   p r i s m   t h i n n i n g   work  has   come  to  b e  

p r o v i d e d   to  p r o g r e s s i v e   m u l t i f o c a l   l e n s e s ,   as  shown  in  F i g .  

2.  In  o t h e r   w o r d s ,   i f   t h e   r e a r - s i d e   r e f r a c t i v e   s u r f a c e   19  

( h a v i n g   a  s p h e r i c a l   or  t o r i c   s u r f a c e   s t r u c t u r e )   is   w o r k e d  

c o n c e n t r i c a l l y   w i t h   t h e   o p t i c a l   a x i s   18a  of   t h e   p r o g r e s s i v e l y  

r e f r a c t i v e   s u r f a c e   18  o f   t h e   l e n s ,   t h e   t h i c k n e s s  A   of   t h e   f a r -  

d i s t a n c e   s i d e   b e c o m e s   t h i c k   and  r e s u l t s   in  a  h e a v i e r   l e n s .   A s  

a  m e a s u r e   a g a i n s t   t h i s ,   p r i s m   t h i n n i n g   work  i s   p r o v i d e d   s o  

t h a t ,   by  i n c l i n i n g   t h e   r e a r - s i d e   r e f r a c t i v e   s u r f a c e   19 ,   t h e  



t h i c k n e s s   of   t he   f a r - d i s t a n c e   s i d e   and  t h e   t h i c k n e s s   o f   t h e  

n e a r - d i s t a n c e   s i d e   w i l l   become   an  e q u a l   t h i c k n e s   d.  I f   t h i s  

p r i s m   t h i n n i n g   work  is   p r o v i d e d ,   t h e   o p t i c a l   a x i s   19a  of  t h e  

r e a r - s i d e   r e f r a c t i v e   s u r f a c e   19  comes   to  h a v e   a  s t r u c t u r e   i n  

w h i c h   i t   is  i n c l i n e d   by  e  v i s - a - v i s   t h e   o p t i c a l   a x i s   18a  o f  

t he   p r o g r e s s i v e l y   r e f r a c t i v e   s u r f a c e .  

T h i s   i n c l i n a t i o n   e  of  t h e   o p t i c a l   a x i s   b e c o m e s  

e q u i v a l e n t   to  t he   l e n s   c o m i n g   to  have   a  p r i s m ,   and  i f   t h e  

a m o u n t   of   t h i n n i n g   work  i s   l a r g e ,   a  p h e n o m e n o n   o c c u r s   in  w h i c h  

t h e   o p t i c a l   c e n t e r   comes   to  be  l o c a t e d   o u t s i d e   t h e   l e n s ,   s o  

t h a t   i t   b e c o m e s   i m p o s s i b l e   to  e m p l o y   t h e   m e t h o d   of   m e a s u r e m e n t  

d e s c r i b e d   f o r   t he   a f o r e m e n t i o n e d   1 6 A .  

The  b e l o w - d e s c r i b e d   f l o w c h a r t   shown  in  F i g .   16B  is   o n e  

w h i c h   shows   a  m e t h o d   of   m e a s u r i n g   a  l e n s   p r o v i d e d   w i t h   t h i s  

p r i s m   t h i n n i n g   w o r k .  

S t e p   201:   E x e c u t e   t h e   a f o r e m e n t i o n e d   S t e p s   101  to  1 0 4 .  

H o w e v e r ,   t h e   p o i n t   To  of  i n t e r s e c t i o n   may  b e  

s i t u a t e d   on  t h e   v e r t i c a l   l i n e   of   t h e   r e t i c l e   on  t h e  

d i s p l a y e d   f i g u r e   4 2 3 a .   In  o t h e r   w o r d s ,   i t   s u f f i c e s  

i f   t he   a m o u n n t   of   p r i s m   in  t h e   v e r t i c a l   d i r e c t i o n  

b e c o m e s   z e r o .  

S t e p s   202  to  205 :   The  m e a s u r e r   moves   t h e   l e n s   b e i n g   e x a m i n e d  

w h i l e   v i e w i n g   t h e   m e a s u r e d   v a l u e s   d i g i t a l l y  

d i s p l a y e d   on  a  "S"  s e c t i o n   ( i n d i c a t i n g   t h e  d e g r e e  

of   o p p o s i t e   f a c e s )   on  t h e   CRT  d i s p l a y   423  and  a  " C "  

d i s p l a y   s e c t i o n   ( i n d i c a t i n g   t h e   d e g r e e   of   c y l i n d e r )  



t h e r e o n ,   and  s t o p s   t h e   m o v e m e n t   of   t h e   l e n s   b e i n g  

e x a m i n e d   a t   a  p o s i t i o n   w h e r e   t h e   d e g r e e   o f  

s p h e r i c a l   s u r f a c e   and  t h e   d e g r e e   of   c y l i n d e r   b e c o m e  

m i n i m u m .   T h i s   p o s i t i o n   is  s e t   as  t h e   f a r - d i s t a n c e  

r e f r a c t i o n   c h a r a c t e r i s t i c s   m e a s u r i n g   p o r t i o n   of   t h e  

l e n s .  

S t e p  2 0 6 :   T u r n   ON  t h e   memory   mode  s w i t c h   432  to  h o l d   t h e  

d i s p l a y   on  t h e   CRT  d i s p l a y   and  to  s u p p l y   t h e  

m e a s u r e d   v a l u e   to  t h e   memory  c i r c u i t   so  as   to  s t o r e  

t h e   m e a s u r e d   v a l u e .  

S t e p   207 :   R o t a t e   t h e   r i n g   311  of   t h e   m o v e m e n t   a m o u n t   s e t t i n g  

d e v i c e   25,   and  make  t he   n u m e r i c a l   v a l u e   of  t h e  

d i s t a n c e   A  s t a t e d   by  t h e   m a n u f a c t u r e r   of   t h e   l e n s  

b e i n g   e x a m i n e d   a g r e e   w i t h   t h e   i n d e x   l i n e   271  by  t h e  

u s e   of   a  d i v i s i o n   o f   t h e   f a r - d i s t a n c e   s c a l e   260a   o f  

t h e   s c a l e   260  p r o v i d e d   on  t h e   r i n g   3 1 1 .  

S t e p   2 0 8 :   Same  as  t h e   a b o v e - d e s c r i b e d   S t e p   1 1 1 .  

S t e p   2 0 9 :   R o t a t e   t h e   l e v e r   22  to  make  t h e   n u m e r i c a l   v a l u e   o f  

t h e   d i s t a n c e   B  s t a t e d   by  t h e   m a n u f a c t u r e r   of   t h e  

l e n s   b e i n g   e x a m i n e d   a g r e e   w i t h   t h e   i n d e x   l i n e   2 7 1  

by  t h e   u s e   o f   a  d i v i s i o n   of   t h e   n e a r - d i s t a n c e   s c a l e  

260c   p r o v i d e d   on  t h e   r i n g   r o t a t i n g   i n t e g r a l l y   w i t h  

t h e   l e v e r   22.   By  t h e   r o t a t i o n   o f  t h i s   l e v e r   2 2 ,  

t h e   l e n s   b e i n g   e x a m i n e d   i s   moved  v i a   t h e   l e n s  

t a b l e .  

S t e p s   210  to   2 1 4 :   Same  as  t h e   a f o r e m e n t i o n e d   S t e p s   113  t o  

1 1 7 ,   r e s p e c t i v e l y .  



F o u r t h   E m b o d i m e n t  

A r r a n g e m e n t  

F i g s .   17  and  1 8   show  an  e m b o d i m e n t   of   t he   n o s e - s i d e  

m o v i n g   d e v i c e   f o r   c o n t r o l l i n g   t he   a m o u n t   of  m o v e m e n t   of  t h e  

l e n s   b e i n g   e x a m i n e d   t o w a r d   t he   n o s e   s i d e ,   w h i c h   can  b e  

i n c o r p o r a t e d   i n t o   t he   l e n s   t a b l e   21  in  t he   a b o v e - d e s c r i b e d  

f i r s t   to  t h i r d   e m b o d i m e n t s .   A  s l i d e r   501  h a v i n g   a  n o s e   p a d  

h o l d e r   500  w h i c h   is  c l a m p e d   by  t he   n o s e   pad  FN  of  t h e  

e y e g l a s s e s   f r a m e   F  or  a  l e n s   f r a m e   in  t he   v i c i n i t y   t h e r e o f   i s  

s l i d a b l y   m o u n t e d   on  t h e   t a b l e   s u r f a c e   21a  of   t h e   l e n s   t a b l e  

21.  The  s l i d e r   501  has   an  arm  p i e c e   502;   w h i c h   is  i n s e r t e d  

i n t o   a  g u i d e   g r o o v e   21b  f o r m e d   in  t h e   l e n s   t a b l e   21  a n d  

a d a p t e d   to  g u i d e   the   m o v e m e n t   of   t h e   s l i d e r   5 0 1 .  

The  n o s e   pad  h o l d e r   500  is  f i t t e d   i n t o   t h e   s u p p o r t i n g  

c o l u m n   503  of   t h e   s l i d e r   501  s u c h   as  to  be  m o v a b l e   in  t h e  

a x i a l   d i r e c t i o n   of  t he   s u p p o r t i n g   s h a f t   and  r e c e i v e s   a  f o r c e  

in  t h e   d i r e c t i o n   of  m o v i n g   away  f rom  t h e   s u p p o r t i n g   c o l u m n   b y  

means   of  t he   r e s i l i e n c e   o f   a  s p r i n g   505  i n s e r t e d   i n t o   a  h o l e  

504  f o r m e d   in  t he   s u p p o r t i n g   c o l u m n   503 .   A  s l o t   506  is  f o r m e d  

on  t h e   u n d e r s i d e   of  t h e   n o s e   pad  h o l d e r   500 ,   i n t o   w h i c h   a  p i n  

507  e m b e d d e d   in  t h e   s u p p o r t i n g   c o l u m n   503  is  f i t t e d   so  as  t o  

p r e v e n t   t he   h o l d e r   f rom  c o m i n g   o f f .   The  b a s e   p l a t e   508  of  t h e  

s l i d e r   501  is   p r o v i d e d   w i t h   an  i n d e x   l i n e   5 1 0 .  

M e a n w h i l e ,   a  s c a l e   p l a t e   511  is   s l i d a b l y   i n s t a l l e d   o n  

t he   s i d e   s u r f a c e   of   t h e   l e n s   t a b l e   21.   The  n o s e - s i d e   m o v e m e n t  

a m o u n t   i n d i c a t o r s   512 ,   513 ,   r e s p e c t i v e l y   i n d i c a t i n g   p o s i t i o n s  

c o r r e s p o n d i n g   to  t h e   n o s e - s i d e   d i s t a n c e   C  o f   t h e   n e a r - d i s t a n c e  



r e f r a c t i o n   c h a r a c t e r i s t i c s   m e a s u r i n g   p o r t i o n   16  ( r e f e r   to  F i g .  

1 )  o f   t he   p r o g r e s s i v e   m u l t i f o c a l   l e n s e s   of   N o .  1   and  N o .  2  

m a r k e t   s h a r e s   a r e   p r o v i d e d   to  t h i s   s c a l e   p l a t e   511  in  s u c h   a  

m a n n e r   as  to  be  s y m m e t r i c a l l y   a b o u t   a  d i v i s i o n   514  as  a  

c e n t e r .   H e r e ,   t h e   "NR"  mark  of   t h e   i n d i c a t o r   512  d e n o t e s   " t h e  

n o s e   s i d e   of   t h e   r i g h t   eye   l e n s " ,   w h i l e   t h e   "NL"  mark  of   t h e  

i n d i c a t o r   513  d e n o t e s   " t h e   n o s e   s i d e   of   t h e   l e f t   eye   l e n s . "  

In  a d d i t i o n ,   in  t h i s   e m b o d i m e n t ,   a  s c a l e   515  i s  

p r o v i d e d   to  d i s p l a y   t h e   a m o u n t   o f   n o s e - s i d e   m o v e m e n t   s u c h   a s  

to  be  c a p a b l e   o f   c o p i n g   w i t h   t h e   m e a s u r e m e n t   of   a n y  

c o m m e r c i a l l y   a v a i l a b l e   p r o g r e s s i v e   m u l t i f o c a l   l e n s .   T h i s  

s c a l e   515  i s   p r o v i d e d   w i t h   d i v i s i o n s   s u c h   as  to  b e  

t r a n s v e r s e l y   s y m m e t r i c a l   a b o u t   t h e   d i v i s i o n   0  as  a  c e n t e r ,   a n d  

m a r k s   "R"  and  "L"  a r e   a l s o   p r o v i d e d   to   show  w h e t h e r   t h e y   a r e  

d i v i s i o n s   f o r   t h e   r i g h t   eye   l e n s   or  f o r   t h e   l e f t   eye   l e n s .  

O p e r a t i o n  

S t e p   600  i n d i c a t e d   by  a  l o n g   and  two  s h o r t   d a s h e s   l i n e  

in  F i g s .   16A  and  16B  is   e x e c u t e d   as  d e s c r i b e d   b e l o w   in  p l a c e  

of   t h e   a b o v e - d e s c r i b e d   S t e p s   113  to  1 1 6 ,   or  S t e p s   210  to  2 1 3 .  

In  o t h e r   w o r d s ,   a f t e r   c o m p l e t i o n   of   S t e p   112  or  S t e p   209 ,   t h e  

s c a l e   p l a t e   i s   f i r s t   moved  in  s u c h   a  m a n n e r   t h a t   t h e   0 

p o s i t i o n   i n d i c a t o r   514  ( t h e   d i v i s i o n   0  i f   t h e   s c a l e   515  i s   t o  

be  u s e d )   o f   t h e   s c a l e   p l a t e   511  w i l l   be  a l i g n e d   w i t h   t h e   i n d e x  

l i n e   510  o f   t h e   s l i d e r   5 0 1 .  

N e x t ,   s i n c e   t h e   l e n s   b e i n g   e x a m i n e d   is   a  l e n s   f o r   t h e  

r i g h t   eye   in  F i g .   17 ,   t h e   f r a m e   F  is   moved  r i g h t w a r d l y   on  t h e  



t a b l e   s u r f a c e   2 1 a .   S i n c e   t h e   n o s e   pad  FN  of   t h e   f r a m e   F  m o v e s  

r i g h t w a r d l y   a c c o m p a n i e d   w i t h   t h e   n o s e   pad  h o l d e r ,   t he   s l i d e r  

501  moves   r i g h t w a r d l y   on  t h e   t a b l e   s u r f a c e   21a .   t h e   m e a s u r e r  

moves   t he   f r a m e   F  u n t i l   t he   i n d e x   l i n e   510  is  a l i g n e d   w i t h   t h e  

i n d i c a t o r   l i n e   of   t he   n o s e - s i d e   m o v e m e n t   i n d i c a t o r   513 .   I n  

c o n s e q u e n c e ,   t h e   n e a r - d i s t a n c e   r e f r a c t i o n   c h a r a c t e r i s t i c s  

m e a s u r i n g   p o r t i o n   is   a u t o m a t i c a l l y   made  to  a g r e e   w i t h   t h e  

m e a s u r e m e n t   o p t i c a l   a x i s .   When  t h e   s c a l e   515  is  u s e d ,   t h e  

f r a m e   F  may  be  moved  by  a  p o r t i o n   of  t he   n o s e - s i d e   d i s t a n c e   C 

s t a t e d   by  t h e   m a n u f a c t u r e r   of   t h e   l e n s   b e i n g   e x a m i n e d   by  t h e  

use   of   t h e   d i v i s i o n   of   t h e   r i g h t   eye  " R " - s i d e   s c a l e .  

F i f t h   E m b o d i m e n t  

A r r a n g e m e n t  

F i g .   19  is   a  b l o c k   d i a g r a m   i l l u s t r a t i n g   a  f i f t h  

e m b o d i m e n t   of  t he   l e n s   m o v e m e n t   a m o u n t   s e t t i n g   means   of   t h e  

p r e s e n t   i n v e n t i o n .   The  a b o v e - d e s c r i b e d   f i r s t   to  f o u r t h  

e m b o d i m e n t s   r e l a t e d   to  l e n s   m o v e m e n t   a m o u n t   s e t t i n g   means   e a c h  

h a v i n g   a  m e c h a n i c a l   a r r a n g e m e n t ,   w h e r e a s   in  t h i s   e m b o d i m e n t  

t he   means   i f   e l e c t r i c a l l y   a r r a n g e d .   The  a r r a n g e m e n t   of   t h e  

l e n s   m e t e r   body   is  t h e   same  as  t h a t   of   t he   t h i r d   e m b o d i m e n t .  

In  a d d i t i o n ,   t h e   m e c h a n i c a l   a r r a n g e m e n t   of   t he   l e n s   n o s e - s i d e  

m o v e m e n t   d e v i c e   is  s u b s t a n t i a l l y   t he   same  as  t h e   f o u r t h  

e m b o d i m e n t ,   b u t   t h e   b a s e   p l a t e   508  is   p r o v i d e d   w i t h   a n  

i n c r e m e n t a l   e n c o d e r   711  h a v i n g   a  d e t e c t i o n   h e a d   711a   and  a n  

e l e c t r i c a l l y ,   m a g n e t i c a l l y ,   or  o p t i c a l l y   a r r a n g e d   s c a l e .  



The  a m o u n t   of   m o v e m e n t   o f   t h e   l e n s   b e i n g   e x a m i n e d   i n  

c o n j u n c t i o n   w i t h   t h e   t r a n s v e r s e   m o v e m e n t   o f   t h e   e y e g l a s s e s  

f r a m e   F  by  t h e   n o s e   pad  h o l d e r   500  i s   d e t e c t e d   by  t h e  

d e t e c t i o n   h e a d ,   and  c o u n t e d   by  a  c o u n t e r   c i r c u i t   709 ,   and  t h e  

r e s u l t   i s   i n p u t t e d   to   a  c o m p a r a t o r   7 0 5 .  

On  t h e   o t h e r   h a n d ,   an  e l e c t r i c a l ,   m a g n e t i c ,   or  o p t i c a l  

r o t a r y   e n c o d e r   p l a t e   701  is   s e c u r e d   to  t h e   s h a f t   307  of   a  

l e v e r   700  f o r   v e r t i c a l l y   m o v i n g   t h e   l e n s   t a b l e   so  as  to  m o v e  

t h e   l e n s   in  c o n j u n c t i o n   w i t h   t h e   v e r t i c a l   m o v e m e n t   of   t h e  

e y e g l a s s e s   f r a m e   F.  The  a m o u n t   o f   r o t a t i o n   of   t h e   s h a f t   3 0 7  

is   c o n v e r t e d   to  t h e   a m o u n t   o f   r o t a t i o n   o f   t h e   e n c o d e r   p l a t e  

7 0 1 ,   and  t h e   a m o u n t   of   r o t a t i o n   t h e r e o f   i s   d e t e c t e d   by  a  

d e t e c t i o n   h e a d   702  and  is   c o u n t e d   by  a  c o u n t e r   c i r c u i t   7 0 4 , a n d  

t h e   r e s u l t   i s   i n p u t t e d   to   t h e   c o m p a r a t o r   7 0 5 .  

Of  t h e   d a t a   o f   t h e   d i s t a n c e s   A,  B,  C,  and  a  ( r e f e r   t o  

F i g .   1)  o f   v a r i o u s   t y p e s   of  p r o g r e s s i v e   m u l t i f o c a l   l e n s e s  

w h i c h   a r e   s t o r e d   in  a  memry  707  in  a d v a n c e ,   d a t a   on  any  of  t h e  

l e n s e s   h a s   b e e n   s e l e c t e d   and  i n p u t t e d   by  a  s e l e c t o r   c i r c u i t  

706 .   In  a d d i t i o n ,   t h e   d a t a   of   d i s t a n c e s   o f   l e n s e s   s t o r e d   i n  

t h e   memory   c i r c u i t   707  a r e   d i s p l a y e d   on  t h e   CRT  d i s p l a y   4 2 3  

v i a   t h e   i n t e r f a c e   c i r c u i t   4 2 1 ,   a s  i l l u s t r a t e d   in  F i g .   19.   T h e  

d i s p l a y   on  t h e   CRT  d i s p l a y   423  i s   c o n s t i t u t e d   by  t h e   s c h e m a t i c  

d r a w i n g   720  o f   t h e   l e n s ,   a  d i s t a n c e   d a t a   l i s t   722  f o r   v a r i o u s  

l e n s e s ,   and  an  i n d e x   723  in  w h i c h   d a t a   a r e   s c a n n e d   f o r   e a c h  

l i n e .   A l s o ,   an  a r r o w   mark  724  i n d i c a t i n g   t h e   m o v i n g   d i r e c t i o n  

of   t h e   l e n s   and  c o m p l e t i o n   o f   t h e   s e t t i n g   t h e r e o f   i s  

a d d i t i o n a l l y   d i s p l a y e d   on  t h e   CRT  p i c t u r e   shown  in  F i g .   1 3 .  



A  s e l e c t o r   s w i t c h   712  i s   c o n n e c t e d   to  t h e   i n t e r f a c e  

c i r c u i t   421  and  a  s e l e c t o r   c i r c u i t   706 ,   and  t he   i n d e x   723  i s  

made  to  s c a n   t he   l i n e s   of  i n d i c a t e d   d i s t a n c e   d a t a   fo r   e a c h  

l e a n s   of   t h e   i n d i c a t o r   722  w h i l e   t h e   m e a s u r e r   k e e p s   t h e  

s e l e c t o r   s w i t c h   712  t u r n e d   ON.  I f   t h e   ON  o p e r a t i o n   of   t h e  

s e l e c t o r   s w i t c h   is  r e l e a s e d   by  t h e   m e a s u r e r ,   t h e   s e l e c t o r  

c i r c u i t   706 ,   upon  r e c e i p t   of  t h e   i n s t r u c t i o n   on  r e l e a s e ,  

o p e r a t e s   to  t r a n s m i t   t h e   d a t a   on  t h e   d i s t a n c e   of  t he   l e n s   a t  

t h a t   t i m e   to  t h e   c o m p a r a t o r   705 .   M e a n w h i l e ,   an  o r i g i n   s w i t c h  

710  is  i n s t a l l e d   on  t h e   l e n s   m e t e r   c a s i n g   l o c a t e d   a b o v e   t h e  

l e v e r   700 .   I f   t h i s   o r i g i n   s w i t c h   is  t u r n e d   ON,  t h e   s w i t c h  

o p e r a t e s   s u c h   as  to  s e t   t h e   v a l u e   c o u n t e d   by  t he   c o u n t e r  

c i r c u i t   704  to  z e r o .   In  a d d i t i o n ,   a  CRT  p i c t u r e   c h a n g e o v e r  

s w i t c h   730  is   c o n n e c t e d   to   t h e   i n t e r f a c e   c i r c u i t   4 2 1 .  

O p e r a t i o n   and  M e t h o d   of  Lens   M e a s u r e m e n t  

F i g .   20  is  a  f l o w c h a r t   i l l u s t r a t i n g   t he   o p e r a t i o n   o f  

t h i s   e m b o d i m e n t   and  a  m e t h o d   of  m e a s u r i n g   a  l e n s   on  t h e   b a s i s  

t h e r e o f ,   and  a  d e t a i l e d   d e s c r i p t i o n   t h e r e o f   w i l l   be  g i v e n  

b e l o w .  

S t e p   801 :   E x e c u t e   t he   a b o v e - d e s c r i b e d   S t e p s   101  to  105  of   t h e  

t h i r d   e m b o d i m e n t ,   a n d ,   i f   t h e   o p t i c a l   c e n t e r   of  t h e  

l e n s   b e i n g   e x a m i n e d   or  t h e   l e n s   b e i n g   e x a m i n e d   is   a  

p r i s m   s e a l e d   p r o d u c t ,   t h e   f a r - d i s t a n c e   r e f r a c t i o n  

c h a r a c t e r i s t i c s   m e a s u r i n g   p o r t i o n   is   made  to  a g r e e  

w i t h   t h e   m e a s u r e m e n t   o p t i c a l   a x i s .  



S t e p   802 :   T u r n   ON  t h e   o r i g i n a l   s w i t c h   710 .   By  t h e  

i n s t r u c t i o n   of   t h i s   s w i t c h   712 ,   t he   c o u n t e r  

c i r c u i t s   7 0 4 ,   709  r e s e t   t h e   v a l u e s   c o u n t e d   up  u n t i l  

now  and  s u p p l i e d   f rom  t h e   d e t e c t i o n   h e a d s   7 0 2 ,   7 1 1 b  

to  z e r o .  

S t e p  8 0 3 :   Turn   ON  t h e   CRT  p i c t u r e   c h a n g e o v e r   s w i t c h   7 3 0 .  

C o n s e q u e n t l y ,   t h e   CRT  d i s p l a y   423  c h a n g e s   o v e r   t h e  

p i c t u r e   i l l u s t r a t e d   in  F i g .   13  to  t h e   p i c t u r e   s h o w n  

in  F i g .   2 0 .  

S t e p   8 0 4 :   The  m e a s u r e r   s e l e c t s   a  l e n s   to  be  e x a m i n e d   u s i n g   a s  

r e f e r e n c e   t h e   m a n u f a c t u r e r ' s   mark  17  ( r e f e r   to  F i g .  

1)  c h e c k e d   in  a d v a n c e ,   o u t   of   a  t a b l e   722  in  F i g .  

19 ,   moves   t h e   i n d e x   723  on  t h e   d a t a   d i s p l a y   of  t h e  

l e n s   by  m e a n s   of   an  i n s t r u c t i o n   of   t h e   s e l e c t o r  

s w i t c h   712 ,   and  m a k e s   t h e   i n d e x   723  to  b e  

s u p p e r p o s e d   on  t h e   l e n s   d a t a .   I f   a  l e n s   d a t a   i s  

s e l e c t e d ,   t h e   s e l e c t o r   c i r c u i t   706  t r a n s m i t s   t h e  

d a t a   on  t h e   d i s t a n c e   of   t h e   s e l e c t e d   l e n s   f rom  t h e  

memory   707  to  t h e   c o m p a r a t o r   7 0 5 .  

S t e p   805 :   T u r n   ON  t h e   m a r k i n g   mode  s w i t c h   431  ( F i g .   1 3 ) .  

S t e p   8 0 6 :   Upon  r e c e i p t   of   t h e   i n s t r u c t i o n   of   S t e p   805 ,   t h e  

p i c t u r e   on  t h e   CRT  d i s p l a y   423  is  s h i f t e d   to  t h e  

p i c t u r e   shown  in  F i g .   1 3 .  

S t e p   8 0 7 :   Move  t h e   l e n s   b e i n g   e x a m i n e d   by  r o t a t i n g   t h e   l e v e r  

700  so  t h a t   t h e   f a r - d i s t a n c e   p o r t i o n   t h e r e o f   w i l l  

a g r e e   w i t h   t h e   m e a s u r e m e n t   o p t i c a l   a x i s   O.  At  t h i s  

t i m e ,   t h e   d e t e c t i o n   h e a d   702  d e t e c t s   t h e   a m o u n t   o f  



r o t a t i o n   of   t he   l e v e r   700 ,   i . e . ,   t h e   a m o u n t   o f  

m o v e m e n t   of  t he   l e n s ,   and  t h e   c o u n t e r   c i r c u i t   7 0 4  

c o u n t s   t h e   a m o u n t . ,   D u r i n g   the   c o u n t i n g ,   as  f o r   t h e  

a r r o w   mark  724  on  t he   p i c t u r e ,   an  u p p e r - s i d e  

t r i a n g u l a r   a r r o w   f l i c k e r s ,   t h e r e b y   i n d i c a t i n g   t h a t  

t he   l e n s   is  m o v i n g   in  t h a t   d i r e c t i o n .  

S t e p   808 :   The  r e s u l t s   c o u n t e d   by  t h e   c o u n t e r   c i r c u i t   704  a r e  

c o n s e c u t i v e l y   i n p u t t e d   i n t o   t he   c o m p a r a t o r   705  a s  

t h e   a m o u n t   of  l e n s   m o v e m e n t .   The  c o m p a r a t o r  

c i r c u i t   c o m p a r e s   t h e   d a t a   A  of  t he   s e l e c t e d   d a t a   o n  

d i s t a n c e   i n p u t t e d   f rom  t h e   memory  c i r c u i t   707  a n d  

t h e   a f o r e m e n t i o n e d   a m o u n t   of   l e n s   m o v e m e n t ,   a n d ,   i f  

t he   a m o u n t   of  l e n s   m o v e m e n t   h a s   become  e q u a l   w i t h  

t h e   d i s t a n c e   d a t a   A,  t h e   c o m p a r a t o r   705  c a u s e s   a  

c i r c l e   mark  in  t he   m i d d l e   of  t h e   a r r o w   mark  724  o n  

t h e   CRT  d i s p l a y   to  f l i c k e r ,   t h e r e b y   i n d i c a t i n g   t h a t  

t h e   l e n s   has   moved  by  a  p r e d e t e r m i n e d   d i s t a n c e ,  

i . e . ,   t h a t   t h e   f a r - d i s t a n c e   r e f r a c t i o n  

c h a r a c t e r i s t i c s   m e a s u r i n g   p o r t i o n   h a s   b e e n   a l i g n e d  

w i t h   t h e   m e a s u r e m e n t   o p t i c a l   a x i s .  

S t e p   809 :   The  a b o v e - d e s c r i b e d   S t e p s   108  to  110  to  m e a s u r e   t h e  

f a r - d i s t a n c e   r e f r a c t i o n   c h a r a c t e r i s t i c s ,   h o l d   t h e  

r e s u l t s   on  t h e   p i c t u r e ,   and  s t o r e   t h e   same  in  t h e  

memory  4 2 2 .  

S t e p   810:   Turn   ON  t h e   ADD  mode  s w i t c h   433  ( F i g .   1 3 ) .  

S t e p   811 :   Move  t he   l e n s   t o w a r d   t h e   n e a r - d i s t a n c e   s i d e   b y  

r o t a t i n g   t he   l e v e r   700  in  t h e   o p p o s i t e   d i r e c t i o n .  



The  a m o u n t   o f   m o v e m e n t   t h e r e o f   is  d e t e c t e d   by  t h e  

d e t e c t i o n   h e a d   702  and  c o u n t e d   by  t he   c o u n t e r  

c i r c u i t   704 ,   and  t h e   c o u n t e d   v a l u e   is  i n p u t t e d   i n t o  

t h e   c o m p a r a t o r .   D u r i n g   t h e   m o v e m e n t   of   t h i s   l e n s ,  

t h e   l o w e r   a r r o w   of   t h e   a r r o w   mark  724  on  t h e  

p i c t u r e   f l i c k e r s .  

S t e p   812 :   The  c o m p a r a t o r   705  c o m p a r e s   a  c o u n t e d   v a l u e  

s u p p l i e d   f r o m   t h e   c o u n t e r   c i r c u i t   w i t h   t h e   s e l e c t e d  

d i s t a n c e   d a t a   B,  a n d ,   when  t h e   two  h a v e   a g r e e d   w i t h  

e a c h   o t h e r ,   t h e   c o m p a r a t o r   705  c a u s e s   t h e   c i r c l e  

mark   in  t h e   m i d d l e   of  t h e   p i c t u r e   to  f l i c k e r .  

S t e p   813 :   N e x t ,   t h e   m e a s u r e r   moves   t h e   e y e g l a s s e s   f r a m e   F  t o  

t h e   n o s e   s i d e   on  t h e   t a b l e   s u r f a c e   2 l a   of   t h e   t a b l e  

21.  The  a m o u n t   of  t he   l e n s   m o v e m e n t   t o w a r d   t h e  

n o s e   s i d e   i s   d e t e c t e d   by  t h e   d e t e c t i o n   h e a d   7 l l a ,  

and  t h e   d a t a   is   c o u n t e d   by  t h e   c o u n t e r   c i r c u i t   7 0 9 .  

D u r i n g   t h e   m o v e m e n t   of  t h e   l e n s   t o w a r d   t h e   n o s e  

s i d e ,   t h e   h o r i z o n t a l   a r r o w   of   t h e   a r r o w   mark  724  o n  

t h e   p i c t u r e   in  t h e   c a s e   of   F i g .   20  i n d i c a t e s   t h a t  

i t   is  a  l e n s   f o r   t h e   r i g h t   e y e ,   so  t h a t   t h e   l e f t  

a r r o w   mark   f l i c k e r s .  

S t e p   814 :   The  c o m p a r a t o r   c o m p a r e s   t h e   s e l e c t e d   d i s t a n c e   d a t a  

C  o u t p u t t e d   f r o m   t h e   memory  c i r c u i t   707  w i t h   t h e  

c o u n t e d   v a l u e s   s u p p l i e d   f r o m   t h e   c o u n t e r   c i r c u i t  

7 0 9 ,   a n d ,   when  t h e   two  a g r e e   w i t h   e a c h   o t h e r ,   t h e  

c o m p a r a t o r   705  c a u s e s   t h e   c i r c l e   mark  of   t he   a r r o w  

mark   724  to  f l i c k e r .   C o n s e q u e n t l y ,   i t   b e c o m e s  



p o s s i b l e   to  t e l l   t h a t   t he   n e a r - d i s t a n c e   r e f r a c t i o n  

c h a r a c t e r i s t i c s   m e a s u r i n g   p o r t i o n   has   been   a l i g n e d  

w i t h   t he   m e a s u r e m e n t   o p t i c a l   a x i s .  

S t e p   815:   E x e c u t e   t h e   a b o v e - d e s c r i b e d   S t e p s   114 ,   115  t o  

m e a s u r e   t he   r e f r a c t i o n   c h a r a c t e r i s t i c s   of  t he   n e a r -  

d i s t a n c e   m e a s u r i n g   p o r t i o n ,   c a l c u l a t e   t h e  

a d d i t i o n a l   d e g r e e   f rom  a  d i f f e r e n c e   w i t h   t h e  

m e a s u r e d   v a l u e   f o r   t he   f a r   d i s t a n c e ,   h o l d   t h e   d a t a  

on  t he   p i c t u r e ,   and  c a u s e s   t he   memory  422  to  s t o r e  

t he   s a m e .  

The  i n v e n t i o n   has   t h u s   been   shown  and  d e s c r i b e d   w i t h  

r e f e r e n c e   to  s p e c i f i c   e m b o d i m e n t s .   H o w e v e r ,   i t   s h o u l d   b e  

n o t e d   t h a t   t h e   i n v e n t i o n   i s   in  no  way  l i m i t e d   to  t he   d e t a i l s  

of  t he   i l l u s t r a t e d   a r r a n g e m e n t s   b u t   c h a n g e s   and  m o d i f i c a t i o n s  

may  be  made  w i t h o u t   d e p a r t i n g   f rom  the   s c o p e   of  t he   a p p e n d e d  

c l a i m s .  



1.  A  m e t h o d   of   m e a s u r i n g   t h e   r e f r a c t i o n   c h a r a c t e r i s t i c s  

o f   a  p r o g r e s s i v e   m u l t i f o c a l   l e n s   to   be  e x a m i n e d   by  t h e   u s e   o f  

a  l e n s   m e t e r ,   c o m p r i s i n g :  

a  f i r s t   s t e p   of   o p t i c a l l y   a l i g n i n g   t he   o p t i c a l   c e n t e r  

o f   s a i d   p r o g r e s s i v e   m u l t i f o c a l   l e n s   to  be  e x a m i n e d   w i t h   t h e  

m e a s u r e m e n t   o p t i c a l   a x i s   o f   s a i d   l e n s   m e t e r ;  

a  s e c o n d   s t e p   of   m o v i n g   s a i d   l e n s   to  be  e x a m i n e d   i n  

s u c h   a  m a n n e r   t h a t   t h e   f a r - d i s t a n c e   r e f r a c t i o n   c h a r a c t e r i s t i c s  

m e a s u r i n g   p o r t i o n   o f   s a i d   l e n s   to  be  e x a m i n e d   w i l l   be  a l i g n e d  

w i t h   s a i d   m e a s u r e m e n t   o p t i c a l   a x i s   by  g e o g r a p h i c a l l y   m o v i n g  

s a i d   o p t i c a l   c e n t e r   by  a  p r e d e t e r m i n e d   d i s t a n c e   of  m o v e m e n t  

f o r   t h e   f a r   d i s t a n c e   u s i n g   s a i d   m e a s u r e m e n t   o p t i c a l   a x i s   as  a  

p o i n t   o f   o r i g i n ;  

a  t h i r d   s t e p   o f   m e a s u r i n g   t h e   f a r - d i s t a n c e   r e f r a c t i o n  

c h a r a c t e r i s t i c s   of   s a i d   l e n s   to  be  e x a m i n e d   in  s a i d   f a r -  

d i s t a n c e   r e f r a c t i o n   c h a r a c t e r i s t i c s   m e a s u r i n g   p o r t i o n  o b t a i n e d  

in  s a i d   s e c o n d   s t e p ;  

a  f o u r t h   s t e p   of   m o v i n g   s a i d   l e n s   to   be  e x a m i n e d   i n  

s u c h   a  m a n n e r   t h a t   s a i d   o p t i c a l   c e n t e r   w i l l   be  g e o g r a p h i c a l l y  

moved   by  a  p r e d e t e r m i n e d   d i s t a n c e   of   m o v e m e n t   f o r   t h e   n e a r  

d i s t a n c e   u s i n g   s a i d   m e a s u r e m e n t   o p t i c a l   a x i s   as  a  p o i n t   o f  

o r i g i n ;   a n d  

a  f i f t h   s t e p   of  s e t t i n g   as  a  n e a r - d i s t a n c e   r e f r a c t i o n  

c h a r a c t e r i s t i c s   m e a s u r i n g   p o r t i o n   a  moved  p o s i t i o n   a l l o w i n g   a  

maximum  v a l u e   to  be  o b t a i n e d   f o r   an  a d d i t i o n a l   d e g r e e   of   t h e  



n e a r   d i s t a n c e   c a l c u l a t e d   f rom  a  m e a s u r e d   v a l u e   a t   t he   t i m e  

when  s a i d   o p t i c a l   c e n t e r   is  g e o g r a p h i c a l l y   moved  t o w a r d   t h e  

n o s e   s i d e   by  a  p r e d e t e r m i n e d   a m o u n t   of  n o s e - s i d e   m o v e m e n t  

d i s t a n c e   u s i n g   t h e   moved  p o s i t i o n   in  s a i d   f o u r t h   s t e p   as  a  

p o i n t   of  o r i g i n   so  as  to  a l i g n   t he   n e a r - d i s t a n c e   r e f r a c t i o n  

c h a r a c t e r i s t i c s   m e a s u r i n g   p o r t i o n   of   s a i d   l e n s   to  be  e x a m i n e d  

w i t h   s a i d   m e a s u r e m e n t   o p t i c a l   a x i s ,   or  when  s a i d   o p t i c a l  

c e n t e r   of  t h e   s a i d   l e n s   to  be  e x a m i n e d   is   moved  to  t h e   n o s e -  

s i d e   u s i n g   t he   moved  p o s i t i o n   in  s a i d   f o u r t h   s t e p   as  a  p o i n t  

of  o r i g i n ,   t h e r e b y   m e a s u r i n g   t h e   n e a r - d i s t a n c e   r e f r a c t i o n  

c h a r a c t e r i s t i c s   of  s a i d   m e a s u r i n g   p o r t i o n .  

2.  A  m e t h o d   of  m e a s u r i n g   t h e   r e f r a c t i o n   c h a r a c t e r i s t i c s  

of   a  p r o g r e s s i v e   m u l t i f o c a l   l e n s   to   be  e x a m i n e d   by  t h e   u se   o f  

a  l e n s   m e t e r   a c c o r d i n g   to  c l a i m   1,  w h e r e i n ,   in  s a i d   f i r s t  

s t e p ,   s a i d   l e n s   to  be  e x a m i n e d   is  moved  in  such   a  m a n n e r   t h a t  

t h e   p u p i l   p o s i t i o n   r e f r a c t i o n   c h a r a c t e r i s t i c s   m e a s u r i n g  

p o r t i o n   of   s a i d   l e n s   to  be  e x a m i n e d   w i l l   be  a l i g n e d   w i t h   s a i d  

m e a s u r e m e n t   o p t i c a l   a x i s   by  g e o g r a p h i c a l l y   m o v i n g   s a i d   o p t i c a l  

c e n t e r   of   s a i d   l e n s   to  be  e x a m i n e d   by  a  p r e d e t e r m i n e d   d i s t a n c e  

of  m o v e m e n t   of   t h e   p u p i l   p o s i t i o n   u s i n g   s a i d   m e a s u r e m e n t  

o p t i c a l   a x i s   as  a  p o i n t   of   o r i g i n   a f t e r   s a i d   o p t i c a l   c e n t e r   i s  

a l i g n e d   w i t h   s a i d   m e a s u r e m e n t   a x i s ,   t h e r e y   m e a s u r i n g   s a i d  

p u p i l   p o s i t i o n   r e f r a c t i o n   c h a r a c t e r i s t i c s   of   s a i d   l e n s   to  b e  

e x a m i n e d .  



3.  A  m e t h o d   o f   m e a s u r i n g   t h e   r e f r a c t i o n   c h a r a c t e r i s t i c s  

o f   a  p r o g r e s s i v e   m u l t i f o c a l   l e n s   to   be  e x a m i n e d   by  t h e   u s e   o f  

l e n s   m e t e r ,   c o m p r i s i n g :  

a  f i r s t   s t e p   o f   a l i g n i n g   t h e   f a r - d i s t a n c e   r e f r a c t i o n  

c h a r a c t e r i s t i c s   m e a s u r i n g   p o r t i o n   of   s a i d   l e n s   to  be  e x a m i n e d  

w i t h   t h e   m e a s u r e m e n t   o p t i c a l   a x i s   of   s a i d   l e n s   m e t e r   b y  

g e o g r a p h i c a l l y   m o v i n g   s a i d   l e n s   to  be  e x a m i n e d   in   s u c h   a  

m a n n e r   t h a t   t h e   a b s o l u t e   v a l u e   o f   t h e   d e g r e e   of  t h e   s p h e r i c a l  

s u r f a c e   a n d / o r   t h e   d e g r e e   of   t h e   c y l i n d e r   of   t h e   f a r - d i s t a n c e  

p o r t i o n   o f   s a i d   p r o g r e s s i v e   m u l t i f o c a l   l e n s   to  be  e x a m i n e d  

w i l l   b e c o m e   m i n i m u m ;  

a  s e c o n d   s t e p   o f   m e a s u r i n g   t h e   f a r - d i s t a n c e   r e f r a c t i o n  

c h a r a c t e r i s t i c s   o f   s a i d   l e n s   to  be  e x a m i n e d   in  s a i d   f a r -  

d i s t a n c e   r e f r a c t i o n   c h a r a c t e r i s t i c s   m e a s u r i n g   p o r t i o n   o b t a i n e d  

in  s a i d   f i r s t   s t e p ;  

a  t h i r d   s t e p   of   m o v i n g   s a i d   l e n s   to  be  e x a m i n e d   by  a  

p r e d e t e r m i n e d   d i s t a n c e   of   t h e   g e o g r a p h i c a l l y   v e r t i c a l   m o v e m e n t  

up  to  t h e   n e a r - d i s t a n c e   r e f r a c t i o n   c h a r a c t e r i s t i c s   m e a s u r i n g  

p o r t i o n   o f   s a i d   l e n s   to  be  e x a m i n e d   u s i n g   t h e   moved  p o s i t i o n  

o b t a i n e d   in  s a i d   f i r s t   s t e p   as  a  p o i n t   of   o r i g i n ;   a n d  

a  f o u r t h   s t e p   f o r   s e t t i n g   as  a  n e a r - d i s t a n c e  

r e f r a c t i o n   c h a r a c t e r i s t i c s   m e a s u r i n g   p o r t i o n   a  moved  p o s i t i o n  

a l l o w i n g   a  maximum  v a l u e   to  be  o b t a i n e d   f o r   an  a d d i t i o n a l  

d e g r e e   o f   t h e   n e a r   d i s t a n c e   c a l c u l a t e d   f rom  a  m e a s u r e d   v a l u e  

a t   t h e   t i m e   when  s a i d   l e n s   to  be  e x a m i n e d   is  g e o g r a p h i c a l l y  

moved  to  t h e   n o s e   s i d e   by  a  p r e d e t e r m i n e d   d i s t a n c e   o f   m o v e m e n t  

to   t h e   n o s e   s i d e   u s i n g   t h e   moved  p o s i t i o n   o b t a i n e d   in  s a i d  



t h i r d   s t e p   as  a  p o i n t   of  o r i g i n   so  as  to  a l i g n   s a i d   n e a r -  

d i s t a n c e   r e f r a c t i o n   c h a r a c t e r i s t i c s   m e a s u r i n g   p o r t i o n   w i t h  

s a i d   m e a s u r e m e n t   o p t i c a l   a x i s ,   or  when  s a i d   l e n s   to  b e  

e x a m i n e d   is  moved  to  t he   n o s e   s i d e   u s i n g   moved  p o s i t i o n  

o b t a i n e d   s a i d   t h i r d   s t e p   as  a  p o i n t   of  o r i g i n ,   t h e r e b y  

m e a s u r i n g   t h e   n e a r - d i s t a n c e   r e f r a c t i o n   c h a r a c t e r i s t i c s   of   s a i d  

l e n s   in  s a i d   n e a r - d i s t a n c e   r e f r a c t i o n   c h a r a c t e r i s t i c s  

m e a s u r i n g   p o r t i o n .  

4.  A  l e n s   m e t e r   fo r   m e a s u r i n g   t h e   r e f r a c t i o n  

c h a r a c t e r i s t i c s   of   a  p r o g r e s s i v e   m u l t i f o c l   l e n s   to  be  e x a m i n e d  

h a v i n g   a  l e n s   m o u n t i n g   means   fo r   m o u n t i n g   s a i d   p r o g r e s s i v e  

m u l t i f o c a l   l e n s   f i t t e d   i n t o   an  e y e g l a s s e s   f r a m e ,   a  m e a s u r i n g  

means   fo r   m e a s u r i n g   t he   r e f r a c t i o n   c h a r a c t e r i s t i c s   of  s a i d  

l e n s   to  be  e x a m i n e d ;   a  l e n s   t a b l e   h a v i n g   a  t a b l e   s u r f a c e   f o r  

a b u t t i n g   t h e   l e n s   f r a m e   of   s a i d   e y e g l a s s e s   f r a m e   and  f o r  

r e s t r i c t i n g   t he   v e r t i c a l   p o s i t i o n   of  s a i d   l e n s   to  be  e x a m i n e d  

w i t h i n   a  p l a n e   s u b s t a n t i a l l y   v e r t i c a l   to  t he   o p t i c a l   a x i s   o f  

s a i d   m e a s u r i n g   m e a n s ,   and  a  l e n s  t a b l e   m o v i n g   means   fo r   m o v i n g  

s a i d   l e n s   t a b l e   in  such   a  m a n n e r   as  to  c h a n g e   an  i n t e r v a l  

b e t w e e n   s a i d   t a b l e   s u r f a c e   and  s a i d   o p t i c a l   a x i s ,  

c h a r a c t e r i z e d   in  t h a t   s a i d   l e n s   m e t e r   has   a  l e n s   v e r t i c a l  

m o v e m e n t   a m o u n t   s e t t i n g   means   f o r   s e t t i n g   an  a m o u n t   of   s a i d  

v e r t i c a l   m o v e m e n t   of   s a i d   l e n s   to  be  e x a m i n e d ,   and  s a i d   l e n s  

v e r t i c a l   m o v e m e n t   a m o u n t   s e t t i n g   means   is  a r r a n g e d   s u c h   t h a t  

i t s   p o i n t   of  o r i g i n   can   be  c h a n g e d   i n d e p e n d e n t l y   f rom  t h e  

m o v e m e n t   of   s a i d  l e n s   t a b l e .  



5.  A  l e n s   m e t e r   a c c o r d i n g   to  c l a i m   4,  w h e r e i n   s a i d   l e n s  

t a b l e  m o v i n g   means   has   a  h a n d l e   p i v o t a l l y   s u p p o r t e d   by  a  b o d y  

o f   s a i d   l e n s   m e t e r   s u c h   as  to  be  r o t a t a b l e ,   and  s a i d   l e n s  

v e r t i c a l   m o v e m e n t   a m o u n t   s e t t i n g   means   is  e n g a g e d  

c o n c e n t r i c a l l y   w i t h   t h e   r o t a r y   s h a f t   of   s a i d   h a n d l e   s u c h   as  t o  

be  r o t a t a b l e   w i t h   a  d e s i r e d   f r i c t i o n a l   f o r c e   and  i s  

c o n s t i t u t e d   by  a  s e t t i n g   r i n g   h a v i n g   an  i n d i c a t o r   p o r t i o n  

i n d i c a t i n g   a  s e t   a m o u n t   of   m o v e m e n t   of  s a i d   l e n s   to  b e  

e x a m i n e d   on  t h e   e x t e r n a l   s u r f a c e   t h e r e o f   as  w e l l   as  an  i n d e x  

m e a n s   s e c u r e d   to  s a i d   body   in  t h e   v i c i n i t y   of   s a i d   s e t t i n g  

r i n g .  

6.  A  l e n s   m e t e r   a c c o r d i n g   to  c l a i m   4,  w h e r e i n   s a i d   l e n s  

v e r t i c a l   m o v e m e n t   a m o u n t   s e t t i n g   means   i s   s e c u r e d   to  s a i d   b o d y  

w i t h i n   a  p l a n e   p a r a l l e l   w i t h   s a i d   v e r t i c a l   p l a n e   s u c h   as  to  b e  

v e r t i c a l l y   m o v a b l e   and  is  c o n s t i t u t e d   by  a  s e t t i n g   p l a t e  

h a v i n g   an  i n d i c a t o r   i n d i c a t i n g   a  s e t   a m o u n t   of   m o v e m e n t   o f  

s a i d   l e n s   to  be  e x a m i n e d   and  an  i n d e x   means   s e c u r e d   to  s a i d  

l e n s   t a b l e .  

7.  A  l e n s   m e t e r   a c c o r d i n g   to  c l a i m   5  or  6,  w h e r e i n   s a i d  

s e t t i n g   p o r t i o n   i s   p r o v i d e d   w i t h   t he   f o l l o w i n g   i n d i c a t o r s :   a n  

o p t i c a l   c e n t e r   p o s i t i o n   i n d i c a t o r   f o r   i n d i c a t i n g   t h a t   t h e  

o p t i c a l   c e n t e r   or  g e o g r a p h i c   c e n t e r   o f   s a i d   p a r t i c u l a r   l e n s   t o  

be  e x a m i n e d   w i t h i n   s a i d   l e n s   f r a m e  r e s t r i c t e d   by  s a i d   l e n s  

t a b l e   a g r e e s   w i t h   s a i d   o p t i c a l   a x i s ,   a  f a r - d i s t a n c e   m e a s u r i n g  

p o r t i o n   p o s i t i o n   i n d i c a t o r   f o r   i n d i c a t i n g   t h a t   t h e   f a r -  



d i s t a n c e   r e f r a c t i o n   c h a r a c t e r i s t i c s   m e a s u r i n g   p o r t i o n   of  s a i d  

r e s t r i c t e d   l e n s   to  be  e x a m i n e d   is  a l i g n e d   w i t h   s a i d   o p t i c a l  

a x i s ,   and  a  n e a r - d i s t a n c e   m e a s u r i n g   p o r t i o n   p o s i t i o n   i n d i c a t o r  

f o r   i n d i c a t i n g   t h a t   t he   n e a r - d i s t a n c e   r e f r a c t i o n  

c h a r a c t e r i s t i c s   m e a s u r i n g   p o r t i o n   of  s a i d   r e s t r i c t e d   l e n s   t o  

be  e x a m i n e d   is  a l i g n e d   w i t h   s a i d   o p t i c a l   a x i s .  

8.  A  l e n s   m e t e r   a c c o r d i n g   to  any  of  c l a i m s   5  to  7 ,  

w h e r e i n   s a i d   s e t t i n g   p o r t i o n   is  f u r t h e r   p r o v i d e d   w i t h   a  

f i t t i n g   p o i n t   p o s i t i o n   i n d i c a t o r   f o r   i n d i c a t i n g   t h a t   t h e  

f i t t i n g   p o i n t   of   s a i d   p a r t i c u l a r   l e n s   t o  b e   e x a m i n e d   w i t h i n  

s a i d   l e n s   f r a m e   r e s t r i c t e d   by  s a i d   l e n s   t a b l e   is   a l i g n e d   w i t h  

s a i d   o p t i c a l   a x i s   of  s a i d   m e a s u r i n g   means   when  s a i d   l e n s   t a b l e  

is  moved  f u r t h e r   in  a c c o r d a n c e   w i t h   s a i d   i n d i c a t o r .  

9.  A  l e n s   m e t e r   a c c o r d i n g   to  any  of  c l a i m s   5  to  8 ,  

w h e r e i n   s a i d   s e t t i n g   p o r t i o n   is   f u r t h e r   p r o v i d e d   w i t h   a n  

o p t i c a l   c e n t e r   p o s i t i o n   i n d i c a t o r   f o r   i n d i c a t i n g   t h a t   t h e  

o p t i c a l   c e n t e r   or  g e o g r a p h i c   c e n t e r   of   a  n o n s p e c i f i e d   l e n s   t o  

be  e x a m i n e d   w i t h i n   s a i d   l e n s   f r a m e   r e s t r i c t e d   by  s a i d   l e n s  

t a b l e   is  a l i g n e d   w i t h   s a i d   o p t i c a l   a x i s   of   s a i d   m e a s u r i n g  

means   when  s a i d   l e n s   t a b l e   is   moved  in  a c c o r d a n c e   w i t h   s a i d  

i n d i c a t o r ,   a  f a r - d i s t a n c e   s c a l e   f o r   i n d i c a t i n g   a  s e t   a m o u n t   o f  

g e o g r a p h i c   m o v e m e n t   of   s a i d   n o n r e s t r i c t e d   l e n s   to  be  e x a m i n e d  

t o w a r d   t he   f a r - d i s t a n c e - p o r t i o n   s i d e   t h e r e o f   u s i n g   s a i d  

o p t i c a l   c e n t e r   p o s i t i o n   i n d i c a t o r   as  a  p o i n t   of   o r i g i n ,   and  a  

n e a r - d i s t a n c e   s c a l e   fo r   i n d i c a t i n g   a  s e t   a m o u n t   of   g e o g r a p h i c  



m o v e m e n t   of  s a i d   n o n r e s t r i c t e d   l e n s   to  be  e x a m i n e d   t o w a r d   t h e  

n e a r - d i s t a n c e - p o r t i o n   s i d e   t h e r e o f   u s i n g   s a i d   o p t i c a l   c e n t e r  

i n d i c a t o r   as   a  p o i n t   o f   o r i g i n .  

10 .   A  l e n s   m e t e r   a c c o r d i n g   to  any  of   c l a i m s   4  to  9 ,  

w h e r e i n   s a i d   l e n s   t a b l e   is  made  to  a b u t   t h e   n o s e   pad  of   s a i d  

e y e g l a s s e s   f r a m e   or  l e n s   f r a m e   in  t h e   v i c i n i t y   t h e r e o f ,   a n d  

has   a  l e n s   n o s e - s i d e   m o v e m e n t   means   p r o v i d e d   m o v a b l y   i n  

p a r a l l e l   w i t h   s a i d   l e n s   t a b l e   s u r f a c e   so  as  to  move  s a i d  

e y e g l a s s e s   f r a m e   t o w a r d   t h e   n o s e   s i d e   t h e r e o f   and  a  l e n s   n o s e -  

s i d e   m o v e m e n t   a m o u n t   s e t t i n g   means   f o r   s e t t i n g   an  a m o u n t   o f  

m o v e m e n t   o f   s a i d   l e n s   n o s e - s i d e   m o v e m e n t   m e a n s ,   s a i d   l e n s  

n o s e - s i d e   m o v e m e n t   a m o u n t   s e t t i n g   means   b e i n g   c o n s t i t u t e d   by  a  

n o s e - s i d e   i n d e x   p r o v i d e d   to  s a i d   l e n s   n o s e - s i d e   m o v e m e n t   m e a n s  

and  a  n o s e - s i d e   m o v e m e n t   a m o u n t   i n d i c a t o r   p r o v i d e d   on  s a i d  

l e n s   t a b l e   in   p a r a l l e l   w i t h   t h e   m o v i n g   d i r e c t i o n   of   s a i d   l e n s  

n o s e - s i d e   m o v e m e n t   m e a n s .  

l l .   A  l e n s   m e t e r   a c c o r d i n g   to  c l a i m   4,  w h e r e i n   s a i d   l e n s  

v e r t i c a l   m o v e m e n t   a m o u n t   s e t t i n g   means   is   c o n s t i t u t e d   by  a  

d e t e c t i n g   means   f o r   e l e c t r i c a l l y   d e t e c t i n g   t h e   a m o u n t   o f  

m o v e m e n t   of   s a i d   l e n s   t a b l e   i t s e l f   or  s a i d   m o v e m e n t   m e a n s  

t h e r e o f ,   a  memory  m e a n s   f o r   s t o r i n g   a  p r e d e t e r m i n e d   a m o u n t   o f  

l e n s   m o v e m e n t ,   and  a  c o m p a r i n g   means   f o r   c o m p a r i n g   an  o u t p u t  

of   t h e   d e t e c t i o n   of   s a i d   d e t e c t i n g  m e a n s   and  s a i d   a m o u n t   o f  

l e n s   m o v e m e n t   s t o r e d   in  s a i d   memory   m e a n s .  
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